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Passion in teaching, and the courage to pursue it,
does not grow out of the heads of student-teachers. It has
to be fostered and nurtured in teacher education where
individuals confront their teaching subject and through
which they first meet with children who are learning. A
teaching career demands that an individual grow as he or
she assumes a more complex role and deepens his or her
understanding and experience.

(Hugh Sockett, 1994)
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Teachers’ Mathematics Preparation and Eighth Grade Student Mathematics
Achievement: Can An Integrated Learning System Provide Support When Teachers’
Professional Preparation Is Limited?
Christine Kerstyn
Abstract
Teaching vacancies are increasing nationally and the task of placing an
experienced, subject-certified teacher in the classroom is getting more difficult for school
districts. About 23% of all secondary teachers do not have a minor in their main teaching
field. This is true for more than 30% of mathematics teachers and the proportion of such
teachers is much greater in high-poverty schools and lower-level classes. In schools with
the highest minority enrollments, students have less than a 50% chance of getting a
science or mathematics teacher who holds a license and a degree in the field which he or
she teaches. While placement of probationary teachers may help to relieve the shortages
of licensed teachers, school districts should consider the consequences of placing these
teachers in the classroom. One solution school districts have looked to is the use of
technology. The Integrated Learning System (ILS) is a virtual classroom which may
offer a solution for school districts not able to fill teaching vacancies with a fully
prepared teacher.
The focus of this study was on the impact of the ILS and teachers’ mathematics
preparation on 8th grade student achievement. Hierarchical linear modeling was used to
analyze existing data. The participants included 1223 students in 76 classes taught by 30
teachers. The results indicated that 8th grade student achievement in ILS classes was

vii

significantly higher compared to classes not using the ILS. When teachers’ preparation
in mathematics was added in to the model, the impact of the ILS was reduced.
Results from this study suggested that the ILS may be beneficial for MJ-3
students and that the ILS may offer school districts an alternative technique in raising
student mathematics achievement, specifically with low-income or minority students. In
addition, the ILS may be a practical solution for school districts when dealing with
teacher vacancies in mathematics classrooms. In regard to teacher preparation, the
results from this study confirm the importance for school districts to hire mathematics
teachers with knowledge of mathematics content and pedagogy; support the belief that
alternative certification programs should emphasize pedagogy;

challenge state

licensing boards’ option of certifying teachers without documentation of completed
subject area courses; and support NCTM’s vision of a well-prepared mathematics
teacher.

viii

Chapter One
Introduction
Teaching vacancies are increasing nationally and the task of placing a teacher
with subject and pedagogical training in the classroom is getting more difficult for
school districts (Kanstoroom & Finn, 1999; NCES, 1994; Neuman, 1994; Parker, 1992).
In 1990-91, 15% of all schools reported having teacher vacancies they could not fill with
a certified teacher in the course or grade-level taught (Smith, 1995). As suggested by the
report of the National Commission on Teaching and America’s Future (1996), more than
50,000 people who lack the training required for their jobs have entered teaching
annually on temporary or emergency licenses. About 23% of all secondary teachers do
not have even a minor in their teaching field. A minor typically consists of 18 semester
hours of completed subject area courses. More than 30% of mathematics teachers do not
have a minor in their teaching field. The proportion of such teachers is much greater in
high-poverty schools and in lower track classes. In schools with the highest minority
enrollments, students have less than a 50% chance of getting a science or mathematics
teacher who holds a license and a degree in the field which he or she teaches. Recently,
Goldhaber and Brewer (1998) documented that the current demand for teachers on
emergency or probationary licenses is significantly higher than the demand in the early
1990's.
Placing individuals in teaching vacancies with various levels of training magnifies
the need to articulate the fundamental meaning of the teaching profession. The National
Council for Accreditation of Teacher Education (NCATE) designed a system that
recommends better preparation and more rigorous standards for the professional teacher.
NCATE is recognized by the U.S. Department of Education as the professional
1

accrediting body for teacher preparation in the United States (NCATE, 2000). The
resulting continuum, The Quality Assurance System, is composed of three stages of
teacher preparation that assures the general public of quality in the practice of teaching:
pre-service preparation, extended clinical preparation and assessment, and extended
professional development (National Council for Accreditation of Teacher Education,
1995). While each phase provides teachers with different experiences for growth as
professionals, all three phases are grounded in a foundation represented by subject
matter and teaching knowledge. This is to ensure that as society requires a higher level
of skill and knowledge of all individuals than ever before, teachers must be prepared to
help their students increase conceptual understanding and analytical ability. Yet, every
year as the school year begins, school administrators struggle to provide a qualified
teacher for every classroom. A copy of the Quality Assurance System continuum can be
found in Appendix A.
While professional organizations call for the placement of teachers with subject
area knowledge, teaching knowledge, and clinical experiences in classrooms, teacher
shortages have altered that entry level standard. The role of the professional standard is
to provide training and direction toward a state teaching license. However, not all newly
hired teachers take the traditional route toward certification. A newly hired teacher is a
college graduate, but may be recruited for a teaching position from outside the college
network. As such, these teachers have not had the opportunity for the appropriate
recommended professional training. These teachers may not have the minimum number
of subject area or methods courses needed for a teaching license. Also, experienced
teachers often choose to change their teaching assignments. While they have completed
general teaching methods courses, the subject specific methods courses as well as the
subject area courses may be missing.
In Florida, certification is awarded to individuals upon completion of
requirements determined by state regulatory boards. In the case of mathematics, (the
focus of this study), the certification area delineates the number of mathematics courses
taken by the teacher (FDOE, 2001d). For example, high school certification requires at
least twice the number of courses completed successfully as does the middle school
2

certification in mathematics. The high school certification also requires the applicant to
have completed course work in calculus, which is optional for the middle school
certification. In addition to subject area preparation, prospective teachers are expected to
have completed course work in methods of teaching mathematics, specifically a subjectrelated methods of teaching course.
The importance of certification is to signal that an individual has completed
sufficient amounts of training to certify them as an expert. Teachers serve communities
that value their skills and are satisfied with the regulations imposed by state authorities
who assume the responsibility of assuring that their teachers are competent. Changes to
the certification process resulting from pressures to alleviate the shortage of teachers
highlight the problem that is now widely recognized; there exists a shortage of competent
teachers in key fields.
One of the purposes of this study was to investigate the effect of teachers’ varying
amounts of mathematics and methods of teaching mathematics training on 8th grade
students’ mathematics achievement. While certification is expected to validate the
completion of subject-area courses, that may not continue to be the case as states are
forced to wrestle with the problem of teacher shortages. The relationship between
student achievement and certification may no longer address the issue of subject area
competence for teachers. However, in this study, the relationship between teachers’
varying levels of training in mathematics and completion of methods of teaching
mathematics course and student achievement was examined.
The problem of teacher shortages and the accompanying variation in teachers’
training is widely recognized and school districts are addressing the problem in a number
of ways. One solution school districts have turned to when dealing with teacher
shortages is technology. With the growing availability of computers in schools, a strong
interest exists in knowing the extent to which these technologies are being used and for
what purposes (Greene & Zimmerman, 2000). Multi-media and large storage devices
allow technology to provide state of the art learning environments complete with
elaborate graphics and user interactivity. One such system is called an Integrated
Learning System.(ILS). Integrated Learning Systems have been used as pedagogical
3

tools since 1980. These sophisticated systems offer a large variety of subjects that
individualize and monitor students’ instruction. Although they can be relatively
expensive for some school districts to implement in the classroom, in a synthesis of
evaluation reports, Becker (1990) suggested that students generally do better than
expected using the ILS and sometimes the results are substantially superior. The promise
of technology in supporting pedagogical changes may help school districts in the
placement of newly hired teachers with minimal professional preparation in the
classroom (Cadiero-Kaplan, 1999; Tuinman, 2000; Zeon, Lundeberg, Costello,
Gajdostik, Harmes, & Roschen, 1999).
There are studies that looked at the effects of teachers’ subject area preparation
(Hawk, 1985; NCTM, 1989; Monk, 1994; Darling-Hammond, Wise & Klein, 2000).
The results from these studies concluded that a teachers’ knowledge in mathematics as
measured by course work and certification was the strongest correlate of student
mathematics achievement (with or without controlling for poverty and language).
Complimenting these studies on teachers’ mathematics preparation are those studies that
looked at the effect of pedagogical strategies. Begle and Geeslin (1979) found that the
number of methods courses in mathematics was a stronger correlate of student
mathematics achievement than was the number of credits in mathematics teachers
possessed. Findings from studies that looked at the effect of technology were positive
(West & Marcotte, 1994; Van Dusen & Worthen, 1995). The focus of this study was the
Integrated Learning System (ILS) that is a result of recent developments in technology.
While studies that looked at the effect of the ILS reported positive results (Becker, 1993;
Taylor, 1999; West & Marcotte, 1994), conflicting results stemmed from the various
ways in which the technology was used (e.g., small group instruction, time spent on
computerized instruction). When looking at the effect of technology on student
achievement, some studies reported significant improvement in mathematics achievement
by middle school students when they worked in small groups (Taylor, 1999).

4

To deal with the shortage of well-prepared mathematics teachers for inner city
middle schools, districts have turned to integrated learning systems. Integrated learning
systems are capable of delivering the instruction, providing assessments, and reporting
students’ progress at regular intervals. Consequently, the integrated learning system may
be one solution for districts dealing with teaching vacancies in mathematics. Although
there have been studies that separately looked at teachers’ level of preparation in
mathematics and use of technology in the classroom, there have been no studies that have
addressed the relationship between teachers’ level of mathematics preparation and use of
the integrated learning system.
Three concerns were the focus of this study: 1) relationship between teachers’
training in mathematics and student achievement, 2) the effect of an ILS on student
achievement, and 3) the interaction between teachers’ training and the use of an ILS. To
address these concerns, this study examined the relationship of teachers’ varying levels
of mathematics training and student achievement. Teachers with the highest levels of
mathematics training were expected to positively influence student mathematics
achievement. Also, this study explored whether an integrated learning system (ILS)
positively affected student achievement when compared to students placed in non-ILS
classrooms. Lastly, this study investigated student achievement for ILS supported
teachers with the lowest levels of mathematics training compared to teachers with higher
levels of mathematics training. Essentially, the integrated learning system provided
students with content instruction and presented the material using subject specific
methods. It was hypothesized that the ILS environment would be more effective for
teachers with the lowest level of mathematics training when compared to similar teachers
using a non-ILS environment, as indicated by student achievement. The following
questions were addressed in the study.
1.

What effect does the amount of teachers’ mathematics preparation,
defined by number of mathematics courses and presence of methods of
teaching mathematics course, have on 8th grade students’ mathematics
achievement?

5

2.

What effect does the instructional method (ILS vs. Non-ILS) have on 8th
grade students’ mathematics achievement?

3.

To what extent does an integrated learning system (ILS) interact with a
teacher’s level of mathematics preparation, defined by number of
mathematics courses and presence of methods of teaching mathematics
course, on 8th grade students’ mathematics achievement?

Definitions
Professional Teacher: A teacher with at least 3 years of teaching experience, during
which time an appropriate certificate was held for the subject taught.
Integrated Leaning System (ILS): A computer software system that delivers instruction,
assesses the student’s abilities and maintains records.
Teacher Licensure: The process of obtaining credentials to provide evidence of subject
matter knowledge, pedagogy, and teaching skill.
Certification: The possession of a certificate that provides evidence of subject matter
competence needed to teach a specific subject in schools.
Newly Hired Teacher: An individual who has been hired to teach but does not have any
previous experience in the profession.
NCATE: National Council for Accreditation of Teacher Education.
Pre-service teacher: An individual who is in training for a teaching position; usually a
college student who has entered the College of Education and is in the process of
completing a specific teaching certification track leading to a teaching position
upon completion.
Probationary Teacher: A newly-hired teacher with less than professional (permanent)
certification.
Professional Training: Courses leading to an area of certification which includes the
content specialty and methods of teaching.
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Chapter Two
Review of the Literature
The intent of this study was to investigate the effects of two factors on student
achievement: teacher training and instructional delivery. Teacher training in this study
was discussed in terms of the efforts by professional organizations to define how teachers
are prepared and what they must know to be effective. A professionally prepared teacher
has documentation that leads to certification which suggests they are more likely to be
successful as teachers. This includes completion of subject area courses and courses in
methods of teaching. However, the growing trend in teaching vacancies has individuals
entering the teaching profession with various levels of subject area and teaching
preparation (FDOE; 2001a; Ingersol & Gruber, 1996). As such, school districts are
hiring these individuals without the subject area knowledge and teaching skills
recommended by professional organizations.
Among the ways some districts have dealt with the problem is in the use of
technology. Current trends in technology suggest that student achievement is positively
affected by the use of Integrated Learning Systems (ILS). These systems provide the
student with instruction, practice, and assessments of their academic progress. The role
of the classroom teacher is to support and foster students’ progress toward increased
subject knowledge. The intent of this study was to explore the effect of the ILS on
student achievement in classrooms headed by teachers with various amounts of
mathematics training. The literature review presents background information explaining
the circumstances that support the need for this study. Topics that provide background
information on the teaching profession will focus on the National Board for Professional
Teaching Standards and the National Council for Accreditation of Teacher Education
7

(NCATE) Quality Assurance System. While other organizations provide accreditation to
schools with teacher education programs (i.e. Teacher Education Accreditation Council),
the NCATE is the only one sanctioned by the United States Department of Education.
Teacher quality was defined using current literature on the importance of teachers’
subject area knowledge and professional preparation. The rationale for teacher licensing,
certification, alternative certification, and out-of-field teaching in light of the national
trend in teacher shortages is presented. Current trends in technology are described with a
focus on the use of Integrated Learning Systems that have been reported as useful in
promoting student achievement. Finally, given the multilevel nature of the data used to
address the effects of teacher preparation and ILS on student achievement (i.e., students
are nested in classes and classes are nested in teachers), Hierarchical Linear Modeling
(HLM) and technical concerns such as modeling data, choosing the number of levels,
dependence and correlated data will be discussed.
The National Council for the Accreditation of Teacher Education (NCATE, 1997)
reported findings from a recent study that showed that student achievement increased
when students had teachers who were trained in developing higher order thinking skills,
who were skilled at implementing hands-on experiences in the classroom, and who were
trained to work with special populations. Because subject matter knowledge is necessary
to teach effectively, the findings also supported the need for content specific pedagogy to
be included as part of teachers’ development. The current research strongly suggested
that skilled teachers have a positive effect on student achievement; however, teachers
with little or no professional preparation are hired by districts in greater numbers each
year to fill teaching vacancies (NCES, 1996, 1999).
Technology may offer a solution for school districts in bridging the gap between
teacher effectiveness and student achievement, particularly when placing teachers with
little or no professional preparation in the classroom. With current advances in
technology, the ILS has become a sophisticated learning environment that allows for
student interactivity and assessment of their learning. Consequently, the teacher’s role
changes from deliverer of knowledge to facilitator of the learning activity. Placing a
teacher with little or no subject area knowledge or pedagogical skill in this environment
8

may be a symbiotic condition for both the teacher and student. The opportunity may
allow newly hired teachers (i.e., not trained in mathematics education) the time needed to
meet the professional requirements set by the state certification rules without
compromising student achievement.
In the following literature review, evidence is presented that supports the need for
the study. One aspect of the study was to fill the void in research concerning the
placement of teachers with little or no professional training in particular kinds of
instructional environments afforded by technology.
The Teaching Profession
The preparation of teachers is a controversial issue. For at least the last 20 years,
various groups of individuals with divergent philosophies have debated how to improve
the quality of teachers. These groups include federal agencies, state agencies,
philanthropic organizations, teachers’ unions, school districts, colleges of education, and
parents. Each group had a vision of how to improve the occupation of teaching,
however, policy makers understood that parents wanted their children’s teachers to
impart specific skills and knowledge. The skills and knowledge view of student learning
can be advanced by treating teachers as expert technicians who must also be held
accountable to others outside the profession for educational outcomes (Kanstoroom &
Finn, 1999). This fundamental view of the teacher as an expert technician overlaps a
number of philosophies supported by groups that are instrumental in defining what
teachers should know.
Teacher preparation in this study was based on the efforts of two professional
organizations that have been instrumental in defining how teachers are prepared and what
they must know to be effective: the National Council for Accreditation of Teacher
Education (NCATE) and the National Council of Teachers of Mathematics (NCTM).
NCATE organized the fragmented results of a number of groups that participated in
developing an aspect of what teachers should know, while the NCTM described teachers’
professional characteristics in the context of the mathematics classroom. In 1986, NCTM
presented their standards for the teaching profession, focused on the view that good
teachers of mathematics know their subject and that they know how to teach it. By 1995,
9

NCATE presented a view of the teaching profession that included subject-level expertise
for teachers. The view of teacher as expert did not fundamentally change in that span of
10 years and is not likely to change in the philosophies of professional organizations.
The hypotheses in this study are based on NCTM’s assumptions that teachers are key
figures in changing what and how mathematics is taught and that teachers should have
support to initiate those changes. The following review presents a historical and
empirical perspective to defining teacher professionalism.
National Board for Professional Teaching Standards
In response to the need for policy and programs that addressed the educational
reform movement of the 1980's, the Carnegie Forum on Education and the Economy
established its Task Force on Teaching as a Profession in 1985. One of its significant
recommendations was the formation of the National Board for Professional Teaching
Standards (Carnegie Forum, 1986). The National Board for Professional Teaching
Standards (NBPTS) was formed in 1987 with support from governors, teachers’ unions,
educators, corporate leaders, and concerned citizens. The mission of the NBPTS is to
establish high and rigorous standards for what teachers should know and be able to do,
certify those teachers who meet the standards, and advance related educational reforms,
all for the purpose of improving student learning in the U. S (National Board for
Professional Teaching Standards, 1989).
Standards for what teachers should know and be able to do are being developed
so that they “emphasize teacher performance” (Wise, 1996, p. 192). Wise (1996) reports
that the National Council for Accreditation of Teacher Education (NCATE), the Council
of Chief State School Officers (CCSSO), and the National Board for Professional
Standards (NBPTS) are each developing and implementing standards and assessments
that teachers will meet along the path of preparation and continuing development. All
three organizations are working together to develop complementary standards, so that
preparation standards reflect the skills and knowledge needed for state licensing
examinations. While National Board certification complements state licensing, it does
not replace it (Buday & Kelly, 1996). State licensing systems set entry-level standards
for beginning teachers while the National Board Certification establishes standards for
10

accomplished teachers who have completed at least three years of certified teaching.
NCATE’s Quality Assurance System for the Teaching Profession
The National Council for Accreditation of Teacher Education (NCATE) has been
an active participant in educational reform issues. Recently, the Teacher Education
Accreditation Council (TEAC) was organized for improving academic degree programs
for professional educators. Its support of educational reform issues started in 1997 and
its activities should complement the efforts of NCATE that has a long history of
participation in the reform movement. Very early on, NCATE recognized the need to
align policy and practice of teacher preparation and development. They developed a
quality assurance system for the teaching profession. At the time of the reform impetus
(1980's), some of the components were already existing and others were beginning to
evolve. The resulting quality assurance system emerged as a continuum using three
phases: pre-service preparation, extended clinical preparation and assessment, and
continuing professional development. Appendix A presents a diagram of the continuum
which is described in the next section.
Phase I, the NCATE/State quality assurance stage, deals with the individual’s
entry into the teaching career. This phase begins with the individuals’ recruitment into
the teaching profession. Recruitment usually takes place while the individual is enrolled
in a college program of study. The program of study should include a liberal arts
education, subject matter preparation, professional and pedagogical studies, and clinical
studies. The second phase, the extended clinical preparation quality assurance, takes the
academically prepared candidate through the state’s rigorous standards of licensing.
This may include more clinical practice, mentoring and professional development that
leads to a regular license in the state. The last phase deals with the experienced teachers
who must continue professional development in order to renew their regular certificate or
progress through the National Board certification process.
The entry point in the professionalization of teaching begins when an individual is
in college. During this time, a pre-service teacher completes the appropriate course work
and clinical experiences that leads to certification. Entry points into the continuum of
teacher preparation may now vary depending on the individual’s background because
11

teacher shortages nationwide have school districts recruiting teacher candidates from
other sources than college campuses. The expectations for all individuals is the same,
regardless of the amount of training they enter the profession with; individuals placed in
a classroom are expected to be proficient in their subject and effective in communicating
it to students (Koziol, Minick, & Sherman, 1996).
Teacher Quality
Definition. Teacher quality is a complex phenomenon entailing a number of
different definitions. However, in a report presented by the National Center for
Education Statistics (NCES, 1999), two broad elements that characterize teacher quality
were presented. One element was teacher preparation and qualification which referred to
preservice learning. This includes post-secondary education, certification, teaching
assignment and professional development. The second refers to the actual quality of
teaching that the teacher exhibits in the classroom. This element involves the teacher’s
skill in providing instruction to students in such a way that students’ knowledge of the
subject increases. The two elements described in the report by NCES are the basis for
examining teacher effectiveness in this study. Because teacher preparation is aligned
with state licensing standards, certification is an appropriate measure of teacher
preparation. It is a measure of subject area courses completed by the teacher that is
necessary for the teaching assignment. The second element, teaching preparation, is
measured by the number of methods course taken by the teacher. Two courses, general
methods and subject specific methods will measure the preparation of teachers in this
study. The subsequent review of literature provides support for the use of these elements
as descriptors of prepared teachers.
Subject Area Knowledge. When the National Council of Teachers of
Mathematics (NCTM) released its curriculum standards in 1989, the document described
what a high-quality mathematics education for North American, K-12 students should
comprise. The NCTM recognized that the curriculum, as well as the environment where
teaching and learning are to take place will be very different from much of what was
practiced. As such, the NCTM produced a document in 1991 that described a set of
professional standards for teaching mathematics. The Professional Standards for
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Teaching Mathematics is based on the following two assumptions: (1) “Teachers are key
figures in changing the ways in which mathematics is taught and learned in schools. (2)
Such changes require that teachers have long-term support and adequate resources”
(NCTM, 1991, p. 2). Essentially, a well prepared teacher of mathematics must know
mathematics, model good mathematics teaching, and know how students learn
mathematics.
Mathematics teachers with subject area preparation have a positive effect on
student achievement. Using data from a 50-state survey of policies, state case study
analyses, the 1993-94 Schools and Staffing Surveys (SASS), and the National
Assessment of Educational Progress (NAEP), Darling-Hammond, Wise and Klein (2000)
concluded that subject area knowledge and certification are the strongest correlates of
student achievement in mathematics, both before and after controlling for student poverty
and language status. Monk (1994) reported that teachers’ subject content preparation, as
measured by course work in the subject area was positively related to student
achievement in mathematics and science but that the relationship was curvilinear, with
diminishing returns for student achievement when teachers’ subject matter courses were
above a threshold (e.g., 5 courses in mathematics). Monk’s findings elaborate on a study
done by Begle and Geeslin (1972) where they reported that the number of course credits
in mathematics that teachers earned was not linearly related to teacher performance as
indicated by student achievement. However, Hawk (1985) reported the findings that the
relationship between teachers’ training in mathematics and student achievement was
greater in higher level mathematics courses.
Professional Preparation. Curriculum reformers of the late 1980's began to
describe environments where “good” teaching took place. The classroom was a
community of learners who are engaged in activity, discourse, and reflection, where the
teacher provides concrete and contextually meaningful experiences. This type of
environment allowed students to raise their own questions and construct models,
concepts and solving strategies. School mathematics has a socio-cultural perspective and
as such requires student and teacher acknowledgment of each other’s contribution
(Telese, 1999). Teachers must be prepared to integrate their students’ personal meanings
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with content defined mathematical meanings. They must come to understand the value of
promoting an active mathematical classroom that models or reflects practices of the
wider mathematical community. As such, the classroom teacher is expected to
demonstrate a deep and flexible knowledge of subject matter and pedagogical strategies
(Confrey, 1993; Dimock & Boethel, 1999; Telese, 1999).
Studies in different subject matter areas that compared teachers with and without
preparation have typically found higher ratings and greater student gains for teachers who
have more formal preparation for teaching. A number of studies suggested that the
typical problems of beginning teachers are reduced when adequate preparation prior to
entry of the profession is completed by the individual (Adams & Martray, 1980;
Glassberg, 1980). Studies of teachers admitted with less than full preparation (e.g., with
no teacher preparation or through very short alternate routes) have found that such
recruits tend to be less satisfied with their training and they tend to have greater
difficulties planning curriculum, teaching, managing the classroom, or diagnosing
students’ learning needs (Darling-Hammond, 1987).
In a review of findings of the National Longitudinal Study of Mathematics
Abilities, Begle (1979) found that the number of credits a teacher had in mathematics
methods courses was a stronger and positive correlate of student performance than was
the number of credits in mathematics courses or other indicators of preparation.
Similarly, Monk’s (1994) study of students’ mathematics and science achievement found
that teacher education coursework had a positive effect on student learning and was
sometimes more influential than additional subject matter preparation. In a study of more
than 200 graduates of a single education program, Ferguson and Womack (1993)
examined the influences on 13 dimensions of teaching performance that included
education and subject matter course work. They found that the amount of education
coursework completed by the teachers explained more than four times the variance in
teacher performance than did measures of content knowledge (National Teacher Exam
scores and GPA in major). Similarly, Guyton and Farokhi (1987) found a strong,
positive relationship between an individual’s performance on teacher education
coursework and teacher performance in the classroom.
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Darling-Hammond et al. (2000) suggested that the positive effects of subject
matter knowledge are augmented or offset by knowledge of how to teach the subject to
various kinds of students. The degree of pedagogical skill may interact with subject
matter knowledge to bolster or reduce teacher performance. Byrne (1983) suggested that
although teachers’ knowledge provides the basis for their effectiveness, the most relevant
knowledge will be that which concerns the particular topic taught and the relevant
pedagogical strategies for teaching it to a particular kind of student.
Teacher Licensing
Licensing or certification status is a measure of a teacher’s qualifications that
combine aspects of knowledge of subject matter and pedagogy. The following section
highlights the kinds of licenses that are available for teachers to get.
Types of certification
Fully certified. Most states provide administrative regulations that specify
the professional knowledge and subject matter content prospective teachers must study in
approved teacher education programs (Schalock, Schalock, Cowart, & Mynton,1993).
Consequently, a state’s certification process has as its purpose the identification of
teacher candidates who have a “high probability of success in accomplishing the kind of
learning outcomes in pupils that are desired by the state and the community in which a
teacher is hired” (Schalock, Schalock, Cowart, & Mynton, 1993, p. 108). Certification
status or licensing is a measure of a teacher’s qualifications that combine aspects of
knowledge of subject matter and pedagogy. In addition to a bachelor’s degree, teacher
certification includes clinical experiences and some type of formal testing and the
assessments typically examine whether teachers have a basic college education and
expertise in a specialty field (Greene & Zimmerman, 2000). Individuals who meet state
teacher licensing regulations are awarded a license in an area that the state certifies and
are, as such, fully certified teachers.
Alternative certification. Other types of certification teachers may hold
are waivers, provisional, probationary, temporary, or emergency certificates. Educational
reforms that included alternative certification models began in the early 1980's in an
attempt to address teaching vacancies (FL DOE, Educator Certification, 2001). State
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departments of education are “pressured to respond to the critical shortage of teachers by
supplying a cadre of employees who hold some type of state-issued certificate to teach”
(Fl DOE, Educator Certification, 2001, p. 75). The licenses that allowed for individuals
with various levels of preparation to be placed in the classroom took the form of
emergency certificates. Consequently, alternative certification is an indication of gaps in
professional training.
Out-of-field teaching. In order to address the issue of qualified teachers, it
is important to distinguish between teaching certification and teaching assignment. The
substance of assignment focuses on whether teachers are matched to their work
assignment by their training, hence the phenomenon of out-of-field teaching. Out-offield teaching can be defined as a certified teacher teaching one or more classes without
at least an undergraduate or graduate-level major or minor in the particular subject. Outof-field teaching is extensive in U. S. schools and mathematics is the subject with the
highest percentage of out-of-field teachers (Ingersoll & Gruber, 1996).
Ingersoll and Gruber (1996) reported that in 1990-91, many students were taught
core academic subjects by teachers without adequate qualifications in the fields they were
assigned to teach. The study (Ingersoll, 1996) pointed out that this out-of-field teaching
was not due to a lack of basic education or training on the part of the teachers; in fact,
almost all public school teachers hold bachelor’s degrees, about half have graduate
degrees, and over 90% are certified. The source of out-of-field teaching lay in the lack of
fit between teachers’ fields of training and their teaching assignments. The data also
provided evidence that many teachers were assigned to teach courses in fields that did not
match their formal background preparation and as such about one-fourth of all public
school students enrolled in mathematics classes in grades 7-12 were taught by teachers
without at least a minor in mathematics or mathematics education. In many fields,
students in 7th and 8th grade classes were more often taught by out-of-field than were
senior high students.
Teacher Certification In Florida. Florida awards applicants either a professional
or temporary certificate. Alternative certificates are not available. In the report, An
Overview of Florida’s Current Certification System (FL DOE, 2001), a number of
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alternative routes to certification are suggested. An applicant can “hold a temporary
certificate while completing professional preparation requirements in addition to
satisfaction of the education competency demonstration and the certification
examinations” (p. 88). The following information is available online at the Florida DOE
certification website. There are three steps in the process of obtaining a professional
certificate [teaching license] in the state of Florida. All applicants receive the Official
Statement of Status of Eligibility. This status is awarded if the applicant holds an
acceptable bachelor’s or higher degree, meets the specialization requirements, and
obtains a 2.5 grade point average on a 4.0 scale in the initial certification subject to be
shown on the certificate. During this process, any deficiencies in the area of
specialization would be determined and required to be satisfied prior to issuance of a
Temporary Certificate. If the applicant does not have subject area deficiencies, a
temporary certificate will be issued. This signifies that the applicant has the proper
academic training for the subject area to be shown on the certificate. To complete the
process for a Professional Certificate, the applicant must pass the testing requirements for
the certification and successfully complete an approved system for demonstration of
professional education competence.
Mathematics certification. As established in State Board of Education
Rules, Chapter 6A-4, Florida Administrative Code, Florida’s Certification structure
offers 64 academic coverages, 6 degreed vocational coverages, one non-degreed
vocational coverage, nine academic endorsements and two vocational endorsements
(Review of Florida Educator Certification, FL DOE, 2001). A corollary to the
certification structure is found in the provisions of State Board of Education Rule 6A1.09441, Florida Administrative Code, which establishes the Course Code Directory and
Instructional Personnel Assignments. The Course Code Directory provides a list of all
approved courses at the elementary, middle and high school levels. It also provides the
certification coverages appropriate for an individual to teach the specific course. For
example, Table 1 provides a list of subject area coverages and grade levels that are
needed by teachers to teach M/J Mathematics 3 (MJ-3), the mathematics course
appropriate for 8th grade. Otherwise, the state certification board believes the teachers
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have not completed enough mathematics courses to have the necessary background for
teaching M/J-3 Mathematics.
Table 1
Certification Areas for Teaching M/J Mathematics 3 in Florida
Certification Areas Allowed for Teaching M/J Mathematics 3
Certification

Grades/Levels

Mathematics

6th - 12th

Middle Grades Mathematics

5th - 9th

Middle Grades Integrated Curriculum

5th - 9th

The three coverages presented in Table 1 represent the 1999-2000 certification
standards in Florida for teaching mathematics in the middle school. Each certification
area requires the completion of specific mathematics courses that provides evidence of
subject matter knowledge. The minimum number of hours needed to teach the 8th grade
mathematics course in Florida is 18 semester hours. Individuals who certify with the
Integrated Curriculum must meet the standards required by that certification. However,
to teach mathematics, they also must have the 18 semester hours of coursework needed
for middle school mathematics certification. The number of semester hours and the type
of courses needed for the certification are listed in a table which can be found in
Appendix B. The difference between the Middle Grades Mathematics or Integrated
Curriculum certification and the secondary Mathematics certification (6-12) is in the
number of courses needed and the level of coursework. The Mathematics certification
requires 6 hours of Calculus within the 30 hours of mathematics preparation. Clearly, a
teacher whose academic preparation does not meet the state certification requirements for
middle school mathematics coverage does not have the course work completed.
Teacher Shortages
When the National Commission on Teaching & America’s Future was formed in
1994, its purpose was to provide an action agenda for meeting America’s educational
challenges in linking higher student achievement with the need for teachers who are
knowledgeable, skillful, and committed to meet the needs of all students. In their final
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report published in 1996, What Matters Most: Teaching for America’s Future, a plan for
recruiting, preparing, and supporting teachers in all of America’s schools was proposed.
This plan was aimed at ensuring that all communities have teachers with the knowledge
and skills they must have in order to teach. Because the Commission believed that
students are entitled to teachers who know their subjects and have the skills to reach all
students, they proposed a goal that, by the year 2006, every student in America should
have access to competent, caring, qualified teachers in schools organized for success;
however, teaching vacancies are increasing nationally and the task of placing an
experienced, subject-certified teacher in the classroom is getting more difficult for school
districts.
National Trends. In 1990-91, 15% of all schools reported having teacher
vacancies they could not fill with a certified teacher in the course or grade-level taught
(Smith, 1995). The following observations were described in a report of the National
Commission on Teaching and America’s Future (1996). More than 50,000 people who
lack the training required for their jobs have entered teaching annually on temporary,
emergency or substandard licenses. About 23% of all secondary teachers do not have a
minor in their main teaching field. This is true for more than 30% of mathematics
teachers and the proportion of such teachers is much greater in high-poverty schools and
lower-track classes. In schools with the highest minority enrollments, students have less
than a 50% chance of getting a science or mathematics teacher who holds a license and a
degree in the field which he or she teaches. Recently, Goldhaber and Brewer (2000)
documented that the current demand for teachers on emergency or probationary licenses
is significantly higher than the demand in the early 1990's.
Florida’s Teacher Shortage. The 13,436 teachers hired between July 1, 2000 and
November 1, 2000 in the state of Florida represent the largest number of newly-hired
teachers in the last four years (Critical Shortage Areas:2001-2002, FL DOE, 2000). This
number is about 10.1% of the total workforce in the state during the 2000-2001 school
year. In mathematics, about 11.1% of the total number of teachers were newly hired. As
evidenced in Table 2, about 15.5% of the total teaching vacancies in the state were filled
with teachers who were not certified in the field of instruction which includes the Basic
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Fields, Exceptional Education, and Vocational Education. About 12.6% of the Basic
Fields fall vacancies were filled by out-of-field teachers, the highest percentage in 10
years. In 1999, the number of teachers without certification hired by school districts
statewide to fill vacancies in mathematics was almost twice the number as the number
hired in the previous year.
Table 2
Percent of Florida’s Fall Vacancies Filled by Teachers Not Certified in the Field of
Instruction in Florida

Basic Fields
Exceptional Education
Vocational
Mathematics
Total

1990
4.0
18.7
5.0
5.8
7.2

Percentage of Fall Vacancies Filled By
Teachers Not Certified in the Appropriate Field1
1992
1994
1996
1998
7.0
11.0
8.4
9.7
26.5
27.8
22.2
27.0
10.2
12.3
9.0
10.9
7.5
11.1
9.4
14.3

1999
12.6
27.6
15.1
20.0

11.9

15.5

14.9

11.3

13.1

1

Florida Department of Education. (December 12, 2000). Critical Teacher Shortage Areas: 2001 - 2002. Online.
Available:www.firn.edu/doe/tchdata

A Large School District in Florida. During the last four years, the number of
vacancies also increased in a large Florida school district that will be the focus of this
study. The two years with the highest percent of uncertified teachers were 1996 and
1999 at 12.4% and 10.0%, respectively. Table 3 presents the percent of vacancies filled
by uncertified teachers in a large Florida school district from 1996 to 1999.
Table 3
Percent of Teachers Not Certified in Field of Instruction in a large Florida School
District, 1996-1999
Percent of Vacancies in A Large Florida School District
Filled with Teachers Not Certified in Field of Instruction11
Fall, 1996
Fall, 1997
Fall, 1998
Fall, 1999
Total Vac.
Out-ofTotal Vac.
Out-ofTotal Vac.
Out-ofTotal Vac.
Out-ofField
Field
Field
Field
509
12.4%
736
8.6%
750
8.7%
843
10.0%
1
Florida Department of Education. New Hires: 2001-2002. Online: Internet. Available:
www.firn.edu/doe/tchdata.
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Technology
As Districts continue to hire teachers with minimal professional training,
technology may help fill the gaps in teacher preparation. Multimedia computer systems,
known as integrated learning systems, are designed to deliver the instruction, assess the
learning of students, and provide assessment reports. The classroom teacher’s role
changes from provider of instruction to facilitator of instruction.
Integrated Learning Systems. Since the early 1960's, various forms of technology
have been incorporated into schools as instructional tools. From television to distance
learning and from drill and practice to interactive multi-media intelligent tutors, updating
or placing technology in every school has become a national agenda. Student exposure
to technology is seen as a critical goal for all schools that reflects the needs of society as
well as the students. A type of computer software that recently entered the technological
area for use in instructional settings is the Integrated Learning System (ILS). This term
has evolved during the last ten years, but essentially in all cases, the computer system
delivers the instruction through an interactive method, provides the assessment, and
generates reports of student achievement.
In a attempt to define models of individualized systems of instruction, Fletcher
(1992) defined Intelligent Computer Assisted Instruction (ICAI) as a tutorial program
that operates on the students’ input in order to generate instructional material, including
the questions and answers to them, and responds to inquiries initiated by the student.
Consequently, the model for an ICAI has three characteristics. First, an ICAI program
must be able to represent the relevant knowledge domain. The program must be able to
portray a subject matter expert and convey that information to the learner. Second, it
must be able to represent the student’s state of knowledge. Diagnostic support is
provided for instruction while delineating a representation of the student’s
misconceptions. Finally, it must provide the means to transition a student from one state
of knowledge to another.
West and Marcote (1995) defined an Integrated Learning System (ILS) as a
sophisticated form of CAI. ILS’s are computers that network to several microcomputers
and usually have a computer management system that controls and keeps track of student
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progress. Lessons are carefully planned, sequenced, and incorporate
. Lessons include branching, frequent feedback and may include diagnostic
software. Computer use implies constant student interaction and its ability to
individualize and pace individuals is more likely to keep the learner engaged in the
learning process. Research suggests that increased time on task in an ILS environment
results in increased achievement (Becker, 1993). However, students must be provided
with adequate time on the system and the engaged time appears to explain the advantage
CAI has over traditional instruction.
Student achievement. Integrated Learning Systems (ILS) can transform the
classroom if the computer environment is accompanied by increased time on task,
effective assessment and reporting, individualized instruction and facilitative teachers
(Van Dusen & Worthen, 1995). West and Marcotte (1994) reported the findings of a
study they did using an ILS that suggested students’ mathematics achievement increased
proportionally to the amount of time spent on the computer. The time on task appears to
explain the advantage CAI has over traditional instruction because “the use of the
computer requires constant student interaction and the attention of the student user”
(West & Marcotte, 1994, p. 285). They also suggest that the ability to individualize and
pace individuals is more likely to keep the learner engaged in the learning process.
Waxman and Huang (1997) found similar results from their study suggesting that
students in classes where the computer was used were on task significantly more often
than students from any other group they studied. When comparing student-teacher
interactions, Swan and Mitrani (1993) found that these interactions were more student
centered and individualized during computer-based instruction than in traditional
teaching and learning environments. Student achievement was the focus of study by
Taylor (1999), which found significant improvement in mathematics performance for
middle school students on an end-of-year exam. There was some evidence that the
regularity of use and time spent on the computer had a positive effect on student
performance in mathematics. As evidenced by the results of these studies, students who
used an ILS are likely to have increased mathematics achievement resulting from
increased time on task and individualized instruction.
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ILS at the College Level. Very little research has been done at the college-level
in regard to the ILS. The relationship of the ILS to student mathematics achievement
was examined by Tilidetzke (1992) with two instructors using the ILS in an experimental
design. The results indicated no statistically significant differences in gains from a pretest to post-test for students using the a computer for instruction; however, a very small
sample was reported. The lack of interest by colleges for the ILS may be a result of the
growing demand for web-based classes. Students attend their classes through the use of
the Internet and communicate with the instructor using the e-mail system.
Support System for New Teachers. At least a third of teachers nationwide do not
have the degree or license to teach mathematics. The number of probationary licenses is
growing significantly with the teacher unlikely to have professional training. The
training afforded by preservice preparation for skilled teachers is generally provided
while on the job for individuals with probationary licenses. Research suggests that
effective teachers, particularly at the middle or high school levels, rely on prior training
experiences in choosing teaching strategies to help students learn (McConney, 1998).
Based on the premise that teachers need support and adequate resources to teach, the use
of technology is hypothesized as a resource to support teachers with various levels of
preparation.
Classroom responsibilities for all teachers include instructional delivery, student
assessment, classroom management, and professional development. To promote student
achievement, practicing professionals have the opportunity to reflect on their practice and
increase their teaching skills while beginning teachers rely on their preservice
experiences. However, the expectations for all teachers, including those with limited
preparation, are reflected in their students’ achievement. Advances in technology, such
as the ILS, are currently ready to help manage the instructional needs of the classroom
without compromising student achievement and consequently support the gaps in
professional training of new teachers. The intent of this study was to investigate the
effect of the ILS classroom on student achievement considering the classroom teachers’
various levels of professional training.
Modeling the Problem in the Study
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There are several levels of interest in this study. The goal of the study was to
examine student achievement, the relationship between teachers’ mathematics training
and student achievement, and the effect of the type of instructional delivery used in the
classroom. To analyze the problem required a closer look at the data structure found in
educational settings. Among some of the factors that place students into a particular
mathematics class is an indicator of their prior achievement. Some of the mathematics
classes may be in computer classrooms that integrate the student learning with a specific
software, while other mathematics classes are traditionally instructed (i.e., more emphasis
on teacher delivering instruction). The literature suggests that students have a greater
likelihood of higher achievement when placed in an Integrated Learning environment
while in a traditionally instructed classroom; student achievement is affected by the skill
and training of the teacher. At the classroom level, student achievement is affected by
the teachers’ subject area knowledge and pedagogical training. As such, the contribution
of the student, classroom, and teacher level variables cannot be ignored when analyzing
the data collected in this study. To examine relationships among the variables within the
three levels represented by students, classrooms and teachers, statistical techniques such
as hierarchical linear modeling (HLM) should be considered.
Hierarchical Linear Modeling
Hierarchical Linear Modeling (HLM) is a method of analyzing data organized in
a nested structure. More levels can be determined by grouping further into the hierarchy
of educational settings. Teachers represent a level that groups classes. Levels continue
to grow by grouping the teachers by school, the schools by district, and so on. The use of
HLM to analyze data from educational settings has some advantages compared to
classical statistical approaches.
Advantages of HLM. There are several advantages for using HLM to analyze
data when compared to classical statistical approaches. One advantage of the approach is
that it models the data structure created by educational settings. When students are
nested in classes and classes are nested with teachers, data can be collected at each level.
These data can be analyzed in the context of the level and in relation to the other levels.
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Other advantages of using HLM over other approaches address the issues of level
of analysis and aggregation bias. Characteristics associated with individuals who are
clustered in groups pose special problems for data analyzed using classical statistical
approaches. Classical statistical analyses are likely to be biased if the lack of
independence is ignored; however, by taking a multilevel approach these data can be
examined (Marsh, Kong, & Hau, 2000). A multilevel model will evaluate student-level,
classroom-level, and the between-level effects simultaneously.
Some of the problems associated with classical statistical approaches are related
to the levels of analysis and aggregation bias. Choosing a level of analysis is dependent
on a number of factors. One such factor may be that the data can only be collected a
particular level. The use of these data limits the inference to the level of analysis used;
however, inappropriate inferences are often directed to other associated levels of the data
creating a biased situation. Aggregation bias is one of the most debated and routinely
committed error in statistics (Hanushek, Rivkin, & Taylor, 1997). By using HLM, the
data are analyzed at the lowest level as well as at other levels using the errors found
within and between the levels making inferences possible from any level of the model.
Another advantage of using HLM over traditional statistical approaches is related
to sample size. Although a large sample was expected, a rule of thumb allows the
number of students per class to range from 11 to 28 and the number of classes to range
from 30 to 62. Groups consisting of a single observation can be included as long as there
are other multiple groups. This means that all the data can be used in the analysis in
contrast to classical approaches where the sample number must meet specific criteria.
In this study, a number of factors supported the use of HLM for analyzing the
data. One consideration is the nested data structure; students were grouped by classes,
and by teachers, each with specific characteristics. Students were not randomly placed in
classes and teachers were not randomly assigned to classes. The number of students in
all the participating classes tended to vary in size with one class having a single enrolled
student. The research questions addressed concerns that needed to be answered by two
levels of the analysis. The concerns in this study suggested that HLM was an appropriate
choice compared to classical statistical methods for analyzing data.
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Characteristics of HLM. Hierarchical Linear Modeling (HLM) was designed to
handle data consisting of multiple levels or units of analysis. In the present study, Level1 represents the smallest unit of analysis, the students. Within the first level, the analysis
uses data which are representative of the student (i.e., prior achievement). Level-2
information is represented by the grouping variable, such as the classroom led by the
teacher with various amounts of expertise. A large amount of variation within and
between the levels can exist and HLM allows for all the variance to be included. Bryk
and Raudenbush (1992) suggested that 80-90% of the within group variation is lost when
aggregating student characteristics within classes.
The basic concept behind hierarchical linear modeling is similar to that of
Ordinary Least Squares (OLS) regression. At the individual level (level 1), an outcome
variable is predicted as a function of a linear combination of one or more level 1
variables,
yij =β0j + β1jX1 + .... + rij
where:

β0j represents the intercept of the group,
β1j represents the slope of variable X1 of group j, and

rij represents the residual for individual i within group j.
On subsequent levels, the level 1 slope(s) and intercept become dependent
variables being predicted from level 2 variables, as shown in the following models:
β0j =γ00 + γ01w1 + ....+ u0j

β1j = γ10 + γ11w1 + ... + u1j
where γ00 and γ10 are the intercepts and γ01 and γ01 are the slopes predicting β0j and β1j,
respectively from variable w1 . Through this process, the effects of level 1 and level 2
variables can be modeled to reflect the organizational structure of the data. By predicting
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the slopes as well as the intercepts (means), an attempt is made to explain the differences
in the relationship between level one and level two.
There are some problems associated with modeling data as organizational
structures. The research on hierarchical modeling in educational settings is limited but
sufficient to address data issues in the modeling process for this study. The major
concerns are choosing the number of levels, dependence and correlated data, and power,
effect size and sample size.
Choosing the number of levels. Making a decision about the number of levels
needed to represent the data is extremely important. Although HLM is based on
Ordinary Least Squares (OLS) analysis, traditional OLS methods that do not take into
account the multilevel nature of the data may provide inaccurate estimates of the impact
of important predictors. Porter and Umbach (2000) reported that if level 2 or higher
group effects are not accounted for in the type of modeling procedure employed,
inaccurate coefficients and subsequently poor analyses are likely to be the result.
Similar results were noted by Webster, Mendro, Orsak, and Weerasingghe (1998) when
OLS methods were compared to multi-level models. A one level model is represented as
a linear regression. Because these individuals are drawn from the same classroom or
school, they tend to share the same characteristics and data on these individuals may not
be fully independent. Osborne (2000) suggests that OLS regression produces standard
errors that are too small and in turn leads to a higher probability of rejecting a null
hypothesis than if an appropriate statistical analysis were performed or if in fact the data
were truly independent.
The modeling process requires a discriminating approach and a particular
sensitivity to the understanding of the relationships that interact within the organizational
setting. There are concerns when levels are ignored in the model development.
Opdenakker and Van Damme (1998) reported that ignoring a top level in a model can
distort the regression coefficients and errors at various levels. For example, when
ignoring a top level in the model,
1.

an over-estimation of the variance belonging to the highest level
considered occurs while the others are not affected,
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2.

the standard error of the variance estimate of the highest level considered
is over-estimated, and

3.

it causes unstable regression coefficients of the explanatory variables
belonging to the highest level considered.

When an intermediate level is ignored,
4.

it causes an over-estimation of the variance belonging to the level just
above and below the ignored level,

5.

the standard error of the variance of the level just under an ignored
intermediate level is over-estimated whereas the standard error of the
variance estimate of the level just above ignored is under-estimated, and

6.

it causes unstable regression coefficients estimates of the variables
belonging to the level just above and just below the ignored level.

The standard errors of the intercept estimate appears to be under-estimated in
models with ignored levels. Consequently, combining the grouping levels may lead to
erroneous results from the analysis. In determining whether two or three level models
should be used, Webster, Mendro, Orsak, and Weerasingghe (1998) reported that two
level models are more convenient and efficient than three level models because they can
accommodate more level-1 and level-2 contextual variables and are not nearly as
sensitive to multicolinearity and low variance in conditioning variables as are three level
models.

Their 3-level model would not run in either a one-stage or two-stage form.

The number of contextual variables used in the study ranged from nine to eleven in any
one of the three levels. Although not reported by the study’s authors, the large number
of variables at each level may have required a larger sample size for convergence using
three levels. However, a 3-level model ran successfully when a large number of
contextual variables were eliminated from the equations. The conclusion reached by the
researchers for their study was that an HLM two-stage, two level model with a full range
of student and school level contextual variables produced the most bias-free estimates of
school effect (level-2). The Webster et al.’s study used nine level-1 variables and eleven
level-2 variables.
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Dependence and correlated data. Stevens (1990) suggests that the assumption of
independence is the most important assumption and even a small violation of it produces
a substantial effect on both the level of significance and the power of the F statistic. Any
dependence among the observations causes the actual alpha to be several times greater
than the nominal alpha. The situation is not improved with larger samples but rather
gets worse.
Stevens (1990) points out that type I error is dramatically affected when
dependence among observations occurs. The Intraclass Correlation (ICC) calculated for
the data in this study is compared to a table Stevens (1990) used to show how large the
actual alpha is to the nominal alpha of .05. Of the 26 ICC’s calculated, 15 were negative
values and 11 were positive values. The ICC’s for the positive values ranged from .24 to
.83. Given the size of the ICC, number of groups, and number of observations, the
actual alphas ranged from .45 to .87. One of the ways to deal with correlated data is to
test at a more stringent level of significance. However, the actual alphas are more than
five times the nominal alpha which would have suggested using the more stringent alpha
of .01. The actual alphas suggested from the correlated data range from 9 to 16 times the
nominal alpha of .05 which would require a more stringent test using alpha ranging from
.003 to .005.
Sheehan and Han (1996) reported that using HLM is recommended when the
intraclass correlation is high, because ‘the parameters are assumed to be unique for each
context and are modeled accordingly’ (p. 4). It is assumed that the context of the
grouping level exerts some influence on individual-level variables resulting in positive
intraclass correlations. Sheehan and Han (1996) further state that if the context is
ignored in the statistical model, then there is the strong possibility of confounding effects
operating at the higher levels of the model.
A particular type of multilevel model that is often used to make cross-level
inferences is one in which the regression coefficients are not assumed to be constant for
all context. In multilevel models, the parameters are allowed to differ over different
groups and are treated as a function of the grouping variables and random, but unique
group variations that are assumed to be constant in other classical analyses. In addition
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to providing a more realistic model of the data, the random coefficients model is
technically also an improvement over conventional regression models because it
calculates the correct standard errors. Moreover, the random coefficients model
improves the estimation of the parameters for the grouping variable.
Power, effect size and sample size. Literature from the last decade was sought to
help determine sample size at each level that optimally captures the variance needed to
make inferences about the effects at each level. Researchers have begun to describe
various methods of choosing their sample sizes at each level in order to ensure a desired
level of power given a hypothesized effect size and a chosen level of significance, alpha.
Snijders and Bosker (1992) suggest that the total sample size can be determined
using the formula, N(n), where N = the number of classes and n = the number of students
in the class. To keep the standard error below the desired level they recommend the
number of students (n) be less than 28 and the number of classes (N) be greater than or
equal to 30, for a given total, N(n). Additionally, if the number of students per class
ranges from 11 to 28 and if the number of classes ranges from 30 to 62, the standard error
of the cross-level interaction will also be low. Maximum power for the test of the crosslevel interaction could be obtained by choosing 42 classes and 19 students per class, but
the maximum power for the second-level could be obtained by choosing an N as large as
possible. They conclude that N should be taken as large as possible and that at least an
n>10 be used if the more appropriate rule of n>25 cannot.
Small within group data are not of great concern to one researcher. Kreft (1992)
suggests that groups consisting of a single observation do not prohibit the inclusion of
these groups. The only condition is that the data include at least two groups with
multiple observations.
More recently, Raudenbush and Liu (2000) described a model for determining
power in hierarchical linear modeling. The model included a standardized effect size
measure that is commonly used in social science research (Cohen, 1988), a standardized
measure of site-by treatment variance, and a standardized measure of site-level
moderating effects. Raudenbush and Liu (2000) suggested that the key elements to the
planning of multi-site designs include deciding the number of individuals sampled at
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each site and the number of sites. They also suggested that sampling a large number of
persons per site will increase the precision of the treatment effect estimate at each site.
One of their observations is that although the number of groups and the number in each
group both contribute to power, the number of groups is more important.
Educational researchers appear to agree that a large sample size is needed.
However, the issue of sample size for use in HLM analyses is inconclusive. Webster,
Mendro, Orsak, and Weerasingghe (1998) reported that a basic 3-level model used by the
group would not run. In order to successfully run a 3-level HLM model, many important
contextual variables had to be eliminated from the equations resulting in models that
produced unacceptably high correlations with non-controlled contextual variables.
Although the number of students was not given, the Dallas School District was named as
the source of data. A 3-level model may be highly desirable; failing to get convergence
using the three level model helps support the use of a 2-level model and given the
existing research, neither model appears to be incorrect. The growth of numerical
approaches to the iterative process of calculating the covariance component estimation, in
addition to the computer programs that fit the models mathematically, have provided
researchers the tools to analyze multilevel data in educational settings (Bryk &
Raudenbush, 1992).
Summary
Teachers normally prepare lesson plans, deliver the instruction, assess students,
and manage the classroom. For the professionally prepared teacher, these tasks may be
accomplished skillfully and effectively. The literature (Darling-Hammond, 2000;
Ferguson & Womack, 1993; Monk, 1994;) indicated that teachers with subject
knowledge and completed methods of teaching courses have a positive influence on
student achievement. Computer environments are suggested to positively impact student
achievement. However, whether a teacher’s professional training impacts student
achievement with the use of technology has not been addressed. A purpose of this study
is to provide empirical evidence that deals with this void in literature. The study’s
hypothesis suggests that teachers with variable amounts of subject area and methods of
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teaching courses can positively influence student achievement when using an Integrated
Learning System. Figure 1 below describes the study’s predicted outcome.
Figure 1 Hypothesized study results.

As
shown in Figure 1, it was anticipated that students whose teachers have subject area
preparation and methods of teaching courses would have higher academic achievement,
regardless of the instructional methods used in the classroom when compared to other
teachers with less training. Teachers without the mathematics or methods of teaching
courses will positively influence student achievement when using the ILS. All teachers
were expected to have high student achievement when using the ILS; however, teachers
with mathematics and methods of teaching mathematics were expected to have the
highest student achievement. Although the ILS delivered the instruction, the highly
trained teacher of mathematics is expected to demonstrate a deeper understanding of the
subject matter and knowledge and related strategies that will influence student learning
(Confrey, 1993; Dimock and Boethel, 1999; Telese, 1999). The role of the classroom
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teacher is not reduced when the ILS provides much of the instruction. The teachers of
mathematics will be more responsive to problems that occur in student learning (i.e.,
students asking questions, the use of supplementary material). Because instruction is
individualized, students’ questions may vary greatly within the range of topics found in a
specific curriculum. Consequently, teachers with mathematics and methods of teaching
mathematics are likely more prepared than teachers with less training to support students’
learning with a broader knowledge base.
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Chapter Three
Method
The purpose of this study was to investigate the effects of middle school teachers’
type of professional preparation and instructional approach (Integrated Learning System
vs. non-Integrated Learning System) on 8th grade students’ mathematics achievement.
Teachers with evidence of mathematics and methods of teaching mathematics courses
(i.e. teacher preparation) were expected to positively impact student mathematics
achievement. The Integrated Learning System (ILS) was hypothesized to positively
impact student mathematics achievement with the strongest effect observed for teachers
with less preparation. The following research questions were addressed:
1.

What effect does the amount of teachers’ mathematics preparation,
defined by number of mathematics courses and presence of methods of
teaching mathematics course, have on 8th grade students’ mathematics
achievement?

2.

What effect does the instructional method (ILS vs. Non-ILS) have on 8th
grade students’ mathematics achievement?

3.

To what extent does an integrated learning system (ILS) interact with a
teacher’s level of mathematics preparation defined by number of
mathematics courses and presence of methods of teaching mathematics
course and 8th grade students’ mathematics achievement?

Descriptions of the sample, study design, data collection instruments, independent
and dependent variables are provided in this chapter. Hierarchical linear modeling
(HLM) was used as the primary method of analysis, and therefore, methodological points
related to HLM are described.
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Sample
Schools. The school district that participated in the study is among the larger
school districts in Florida with a student population of over 150,000. In the spring of
2000, the district was the first in Florida to implement an Integrated Learning System1
(ILS) for 8th grade mathematics instruction in middle schools with 60% or more of their
students receiving free or reduced price lunch. Eleven out of 36 middle schools in the
district had 60% or more of their students receiving free or reduced lunch paid lunch and
these 11 schools provided the data for this study. Schools ranged in size from 615 to
1718 students.
Each of the 11 participating middle schools had at least one dedicated computer
room with the 8th grade mathematics curricula programmed within the ILS. A total of 76
pre-algebra classes named MJ-3 Mathematics were used in this study (a copy of the
course syllabus is provided in Appendix C). These classes were distributed across the 11
schools as follows: one school had four classes, one school had five, six schools had six,
one school had seven, one school had eight, and one school had 16 classes.
Students. All participating students in the study were in the 8th grade and enrolled
in MJ-3 Mathematics during the 2000-2001 school year. District enrollment in MJ-3
Mathematics was 9,214 students; approximately 38% of that total were enrolled in MJ-3
Mathematics at the participating middle schools. MJ-3 students were included in the
analysis if they had a record of scores from two assessments: the 2000 FCAT Math NRT
and the 2001 FCAT Math Sunshine State Standards. Table 4 presents demographic
information for four groups of students: students enrolled in non-participating middle
schools and students enrolled in participating middle schools. Data for these students can
be found in the first two columns. Demographics about the participating students were
disaggregated to include students with complete data and students enrolled in
participating schools without complete data. Students with complete data had a record of

1

The ILS used in this study was I CAN Learn® Education Systems by JRL Enterprises, Inc
(www.icanlearn.com). It was indicated by the company that the school district was the first in
Florida to place the ILS for mathematics instruction.
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both FCAT Math scores. Students with only one FCAT Math score were withdrawn from
the analysis. Data for these students can be seen in Table 4 in the last two columns. As
seen in Table 4, percentages of males and females in the participating middle schools
were similar to the non-participating middle schools in the District. The criterion for
selecting schools to implement the ILS program was a high poverty rate at the school;
60% or more of the students at a school were eligible for free or reduced price lunch.
Table 4
Grade 8 MJ-3 Student Demographics
Non-participating
Middle Schools n=25

Participating
Middle Schools
n=11

Participating Middle Schools n=11
Complete Data*1

Incomplete Data*2

n

%

n

%

n

%

n

%

Male

2919

43.9

989

38.6

512

43.4

477

34.5

Female

2441

36.7

955

37.2

542

45.9

413

29.8

Missing

1290

19.4

620

24.2

126

10.7

494

35.7

White

2587

38.9

561

21.9

309

26.2

252

18.2

Black

1232

18.5

658

25.7

378

32.0

280

20.2

Hispanic

1348

20.3

674

26.3

343

29.1

331

23.9

193

2.9

51

2.0

24

2.0

24

2.0

Missing

1290

19.4

620

24.2

126

10.7

494

35.7

Eligible

2780

41.8

1357

52.9

692

58.6

665

48.0

Not eligible

3870

58.2

1207

47.1

488

41.4

719

52.0

ILS

1436

56.0

665

56.4

771

55.7

Non-ILS

1128

44.0

515

43.6

613

44.3

Gender

Ethnicity

Other
SES

Instructional
Method

Note. District level data provided for 2000-2001 school year.
Students with two achievement scores used in the analysis
*2
Students with less than two achievement scores dropped from the analysis
*1

Consequently, the schools were located in less affluent parts of the district and served a
large minority population. Also seen in Table 4, a larger proportion of minority students
in the participating middle schools were enrolled in MJ-3 than in non-participating
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middle schools. Approximately 10% more students are eligible for free or reduced price
lunch at the participating middle schools than at the non-participating middle schools.
Design
This study was a secondary analysis of existing databases from the tenth largest
Florida school district located in west central Florida. Data retrieval for this study was
done through the district’s Department of Information Services and Division of Human
Resources using student and personnel records.
Variables
Dependent Variable
Student Mathematics Achievement. The Florida Comprehensive
Assessment Test (FCAT) is an assessment program consisting of various tests that
measure reading, writing, and mathematics. The test includes a norm-referenced test and
a criterion-referenced test that are based on the Florida Sunshine State Standards (SSS)
(http://www.firn.edu/doe/menu/sss.htm). Prior to 2001, the FCAT reported results from
the FCAT Math SSS as a composite scale score combining the results from the multiple
choice part and performance part of the FCAT Math SSS test. The 2001 administration of
the FCAT reported results for the multiple choice part of the test only.
Technical information about the FCAT was provided from the most current
available report; the 1998 FCAT Technical Report presents the psychometric properties
of the FCAT Math SSS. The report describes the purpose of the FCAT as documentation
of ‘student performance in the areas of Reading and Mathematics as defined by the 1996
Sunshine State Standards’ (Technical Report, 1999, p. 8). Several reliability scores are
provided in the technical report. Cronbach’s alpha for the content areas ranged from .89
to .93. The Stratified alpha and the Feldt-Raju reliability scores ranged between .90 and
.93. More information about the technical considerations of the FCAT can be found in
Appendix D.
The dependent variable for mathematics achievement for participating students in
this study was measured using the 2001 FCAT Math SSS scale score. The 2001 FCAT
Math SSS was used as the dependent variable and the 2000 FCAT Math NRT NCE was
used as a covariate. As seen in Table 5, the district mean for all 8th grade students taking
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the test in 2001 was 318.6 with a standard deviation of 51.5. The correlation between the
grade 7 FCAT Math NRT NCE and the grade 8 FCAT Math SSS was .517.
Table 5
District Means for 2001 FCAT Math Scale Score and 2000 FCAT Norm Referenced Test
Given As A Normal Curve Equivalent Score
FCAT Math Scale Score
*1

FCAT Math NRT NCE

Grade

Mean

Standard
Deviation

n

Min

Max

8

318.6

51.5

11027

100

500

55.0

23.6

10847

1

99

7
th

th

Note: Scores are for the entire District’s 7 and 8 grade students.
FCAT Norm Referenced Test Given As A Normal Curve Equivalent Score

*1

Independent Variables
Instructional Method. Two instructional models were examined in the
study: the Integrated Learning System (ILS) and the non-ILS model. The ILS classroom
has computer stations where students log-on and begin work on lessons in mathematics.
The software presents the lesson which includes diagnostic information from pre-tests,
the lesson presentation, practice and an assessment of the lesson. Students sit at the
station, watching the lesson on the monitor while listening to an audio presented through
headphones. Lessons are presented using text-based information as well as digitallybased, full-screen video. Students take notes and practice the material while they work in
small groups or individually. The classroom teacher is there to help facilitate the lesson
if students need assistance. The teacher’s role is to help students keep on task as they
progress toward completing the course. Classroom activities of ILS teachers include: (a)
directing students to lessons in the computer, (b) answering questions regarding the
lesson’s material, (c) maintaining discipline, (d) discussing with students and parents
student progress using computer generated reports, and (e) augmenting the computer
lessons with supplemental materials. Students are typically on different lessons when
approaching the classroom teacher for assistance.
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With the non-ILS instructional method, bell work2 is started by students as they
ready for the teacher to begin class. Instruction is generally delivered through lecture.
The material presented to students is created by the teacher beforehand. Students take
notes and practice the material presented in the lecture. Small groups take shape during
the practice session or students may work individually at their desks. The teacher circles
the room to provide additional assistance. Homework is assigned and is discussed during
the next class. Students must keep pace with the instruction to have the background for
new material that will likely be presented the following day.
A teacher survey was used to collect data that described differences between
teachers using an ILS for instructional delivery and teachers using other instructional
strategies. The survey items were based on NCTM’s teaching standards recommended
for all teachers of mathematics. The purpose of the survey was to provided descriptive
information based on teacher recall about the instructional practices of the participating
ILS teachers in contrast to the instructional practices of the participating non-ILS
teachers. The survey results suggested that both groups of teachers, those using the ILS
for instruction and those who do not, reported using a variety of instructional strategies
(i.e., lecture, small group instruction, peer teaching, etc). The rates at which these
instructional strategies were used by both groups of teachers were similar for all except
for one item. As expected, the percent of time technology was used by teachers who did
not use the ILS reported was much lower than teachers who used the ILS. The intent of
the survey was to provide a brief documentation of how the participating classes were
conducted as reported by teachers.3 Tables of survey results can be found in Appendix
E.

2

Teachers begin instruction when the tardy bell rings by assigning a task that students must
complete within a few minutes. It may be a review or an introduction to the new lesson that opens
the instruction. Typically it is used to maintain classroom discipline and focus the students’
attention on the lesson.

3

The extent to which the ILS impacts the teachers’ role in the classroom was not a research
question.
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Any student enrolled in an MJ-3 class at one of the 11 middle schools
implementing the Integrated Learning System (ILS) and had two FCAT scores was
included in the study. Student enrollment in MJ-3 is determined by the scheduling
process used in the district; student schedules were created by a computer program that
assigns the appropriate number of classes based on student course selection. Teacher
experience or instructional method were not used as factors when placing students in
classes. As a result of the scheduling process, MJ-3 students were instructed in one of
two instructional methods: an ILS or a non-ILS instructional environment. Teachers
were assigned to the computer class by personal request or by principal request. The
teachers assigned to the ILS instructional method taught the MJ-3 curriculum in grade 8
for all their classes each day for the entire year.
The 76 MJ-3 classes included in the study were taught by 30 teachers. The
number of MJ-3 classes taught by each teacher ranged between one and four. In the ILS
classes, the mean number of students was 24, the median number of students in a class
was 25 and the number of students per class ranged from 14 to 35. In the non-ILS
classes, the mean number of students was 20, the median number of students in a class
was 19.5 and the number of students ranged between 9 and 31.
Professional Preparation. Existing databases were examined to provide
the following descriptive information about the participating teachers. There were 30
teachers who participated in the study: 13 teachers were male and 17 were female. As
required by Florida state law, all teachers possessed at least a B. A. degree. The number
and type of degree were as follows: (a) two teachers in Biology, (b) three teachers in
Elementary Education, (c) ten teachers in Secondary Mathematics, (d) one teacher in
Psychology, (e) one teacher in Specific Learning Disabilities, (f) one teacher in
Mathematics, (g) nine teachers had degrees that could not be matched to the state’s 256
B.A. coding system, and (h) three teachers had missing records. Approximately a third
of the teachers (11) also earned a Master’s degree.
In Florida, teachers with professional certificates or temporary certificates in
mathematics have completed the subject area requirements for certification. Among the
areas of certification the Florida DOE recommends teachers have for teaching MJ-3
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Mathematics are the following: (a) 6-12 Mathematics (secondary), (b) Middle Grades
Mathematics, and (c) Integrated Curriculum. In this study, 16 teachers had a professional
certificate, nine teachers had a temporary certificate, and five did not have any
professional or temporary teaching certificate. Some teachers had one area of
certification. The following single areas were recorded for participating teachers with a
professional certificate: (a) one with secondary mathematics, (b) three with middle grades
mathematics, and (c) one with middle grades social studies. Some participating teachers
with professional certificates had certification in two areas: three had secondary
mathematics with a middle grades endorsement and one had psychology and middle
grades mathematics. Seven teachers with professional certificates had multiple
certifications: four had middle grades mathematics and two to five other areas of
certification and three had secondary mathematics, a middle school endorsement and one
to four other areas of certification.
Participating teachers held temporary certificates in the following areas: (a) one
had elementary education, (b) two had secondary mathematics, (c) three had middle
grades mathematics, and (d) one had middle grades integrated curriculum. Some
teachers with temporary certificates had multiple areas of certification: 1 teacher had
biology and middle grades general science and one had political science, and sociology
recorded on their certificate.
Among the requirements for qualification of a Florida Professional Certificate is
an approved method for demonstrating mastery of professional preparation and education
competence. Subject-specific and general methods of teaching courses are typically
taken while participating in teacher education programs; these types of classes are not
reviewed by the state. In this study knowledge of pedagogy was defined as completion
of a methods of teaching mathematics course. Teacher transcripts were reviewed for the
study in order to categorize teachers who had completed a methods of teaching
mathematics and those who did not. In this study, teacher professional preparation was
defined by two components: certification in mathematics needed to teach MJ-3
Mathematics and completion of a methods of teaching mathematics course. Table 6
presents the number of teachers in the ILS and non-ILS classes by preparation.
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Table 6
Number of Teachers in Classes by Professional Preparation and Instructional Method
From 11 Participating Middle
ILS (n=16)

Not-ILS (n=14)

n

%

n

%

Male

7

43.8

6

42.9

Female

9

56.2

8

57.1

Mathematics certification and methods of teaching mathematics

9

68.8

6

42.9

Mathematics certification only

5

18.8

2

14.3

No mathematics certification and no methods

2

18.8

6

35.7

Gender

Professional Preparation

Note. Data represented 30 teachers, 77 classes, and 1223 students.

Control Variables
Instructional Time. The 11 participating middle schools operated on
various time schedules that determined the number of minutes allowed for class.
Students had mathematics instruction all year long in one of three time periods: (a) 45minute classes, (b) 50-minute classes, and (c) 90-minute classes.

The 39 ILS classes in

the study consisted of: (a) 9 ILS classes held during 45-minute periods, (b) 19 ILS classes
held during 50-minute periods, and (c) 11 ILS classes held during 90-minute periods.
The 37 non-ILS classes in the study consisted of: (a) 15 non-ILS classes held during 45minute periods, (b) 9 non-ILS classes held during 50-minute periods, and (c) 13 non-ILS
classes held during 90-minute periods.
While time was determined by three periods of instructional time allowed at a
specific school: 45 minutes, 50 minutes and 90 minutes, any questions about existing
differences that may have occurred between 45 minute classes and 50 minute classes was
resolved during an initial review of the data. It was determined that differences in group
means on grade 8 mathematics achievement for teachers using similar instructional
methods in 45-minutes classes vs. 50-minute classes were not statistically significant (p >
.05). Class means for ILS teachers with training in mathematics and methods of teaching
mathematics in 45 minute classes were similar to ILS teachers with training in
mathematics and methods of teaching mathematics in 50 minute classes; similar results
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were noted for other matched pairs of classes. Consequently, time was categorized by
two levels, less than or equal to 50 minutes (coded 0) and 90-minutes (coded 1). Table 7
presents the number of classes taught by ILS teachers and non-ILS teachers.
Table 7
Number of ILS and Non-ILS Classes By Time and Teacher Professional
Preparation
Teacher Professional Preparation
Mathematics certification +
methods of teaching
mathematics

Time

Mathematics certification only

No mathematics
certification and no
methods

ILS

# 50 minutes

18

90 minutes

7

5

5

4

0

Not-ILS

# 50 minutes

8

3

13

90 minutes

7

1

5

Note. Data represented 30 teachers, 76 classes, and 1223 students.

Student prior achievement. In order to control for prior achievement, the
2000 FCAT Math NRT NCE was collected for participating students. The district mean
for the 2000 FCAT Math NRT NCE score was 55.0 with a standard deviation of 23.6.
Participating students had a mean of 39.54 and a standard deviation of 17.05.
Analysis
Data drawn from educational settings are often organized in nested or
hierarchically structured models. A number of different scenarios are possible when
describing data in educational settings. In this study, students were nested within classes
that have particular characteristics and classes were nested within teachers. In this three
level model, students represent the lowest level in the hierarchical structure, classes the
next level and teachers are the third level. Although a three level model would
investigate differences among the teachers, the classes they teach and the students within
those classes, there are potential problems with this model given the small number of
levels of level-2 and level-3 units. A two level model would increase the sample at the
second level and increase the variation within by including more variables, however, a
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two level model may not model the data well. To analyze the hierarchically structured
data represented by either the two-level or three-level models, HLM was utilized. An
HLM analysis is capable of capturing the variation within individual levels and between
all levels. In the two-level model, differences were captured among students in classes
and among the classes. In the three-level model, differences were captured among
students in classes, among the classes, and among the teachers.
The HLM Model. Research suggests that students differ in achievement as a
result of past performance and the following characteristics of the classroom: (a) the
time allowed for instruction, (b) the kind of instructional delivery that takes place in the
classroom, and (c) the teachers’ professional preparation. HLM allows the analysis to
capture the differences among students as well as among the classrooms. While the
concept of nested data structure can be easily applied here, the question as to what
number of levels may be appropriate for these data is complicated. Given the results
provided by other researchers using HLM for the analysis of data, exploratory analyses of
alternative models were conducted.
The intent of these analyses was to look at student mathematics achievement and
its relation to a number of classroom effects that include teachers’ professional
preparation and the use of technology for instruction while controlling for amount of
instructional time and prior student mathematics achievement. To answer the research
questions for this study, the following two models were examined: a two-level model
described as learning environment-student and a three-level model described as a
teacher-class-student.
Two-level model: Learning environment-student model. A 2-level model
was considered based on information drawn from existing research. Level 1 relates to
any variables pertaining to the student. Level two includes variables that impact student
achievement at the class level. Variables for both levels are defined below.
Level One (Student)
•

X1: Prior student math achievement (2000 FCAT NRT NCE Score)
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Level Two (Class)
•

W1: Teacher mathematics preparation

•

W2: Instructional method

•

W3: Time for instruction

•

W4: Teacher mathematics preparation X Instructional method

Using these defined variables, the model representing level-1 is given as:
yij = $0j + $1j ( Xij - 0.. ) + rij
where:
yij represents the 2001 FCAT Math achievement
β0j represents the expected 2001 FCAT Math achievement for a student
whose value on Xij is equal to the grand mean,
$1j represents the expected change in 2001 FCAT Math achievement for a
unit change in student prior achievement (FCAT NRT NCE Score)
rij represents the residual for individual i within group j
(random error of the prediction).
On the subsequent level, the level-1 slope ($1j) and intercept (β0j) become
dependent variables being predicted from level-2 variables. Each of the predictor
variables was captured around its grand mean. As seen in the following models,
$0j = γ00 +
γ01 (Teacher mathematics preparation) +
γ02 (Instructional method) +
γ03 (Time for instruction) +
γ04 (Interaction of teacher mathematics preparation and instructional
method) +

u0j ,

$1j = γ10
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where:
γ00 is the expected 2001 FCAT Math scale mean score for a class assuming all
class level variables are centered and the classes are averages,
γ01 is a regression coefficient based on the relationship between the class mean
FCAT achievement ($0j) and teacher’s class variables,
γ02 is a regression coefficient based on the relationship between the class
mean FCAT achievement ($0j) and the instructional method (W2j) after
controlling for other class variables,
γ03 is a regression coefficient based on the relationship between the class
mean FCAT achievement ($0j) and instruction time (W3j) after
controlling for other class variables,
γ04 is a regression coefficient based on the relationship between the class mean
FCAT achievement ($0j) and the interaction of teacher’s professional
training by instructional method (W4j) after controlling for other class
variables,
γ10 is the fixed value of the slope ($1j ) representing the relation between 8th
grade mathematics achievement and 7th grade mathematics
achievement,
and

u0j is the unique effect of class j on the average achievement after
controlling for W1j, W2j, W3j, and W4j .
Three-level model: Teacher-class-student model. The data in this study

can also be represented as a 3-level model. The analysis will likely provide less biased
coefficients than the two level model. The three-level model in this study separated the
teacher characteristics from the classroom characteristics. The decision to assign
variables to a specific level was based on those variables which were fixed to a condition.
Teachers’ professional preparation is a characteristic that teachers carry with them to any
school/classroom. Instructional time and the ILS are characteristics of the
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school/classroom where teachers work. These characteristics change if teachers work at
different locations; however, teachers’ mathematics preparation is not changed by
moving to another location. As such, teachers’ mathematics preparation is used in the 3rd
level of the model and the classroom characteristics, instructional time and use of ILS,
remain in the 2nd level.
Research on sample sizes for three-level models does not exist. This study was
completed on the assumption that sufficient variability existed among the 30 participating
teachers that taught 76 classes for a total of 1223 students. There is a possibility that the
sample size is a limitation that may prevent the three-level model from converging. Of
the 30 participating MJ-3 teachers, one taught one class, 15 taught two classes, ten taught
three classes, and four taught four classes. Should the model converge and provide
results of the coefficients, the information when compared to a two level model would
provide insight into the effects due to the teacher. The following variables are used to
represent the data at each level:
Level 1 (Student)
•

X1: Prior achievement

Level 2 ( Class)
•

W1: Instructional method

•

W2: Instructional time

Level 3 (Teacher)
•

S1: Teacher mathematics preparation

•

S2: Teacher mathematics preparation X Instructional method

The model representing level-1 is given as:
yijk = β0jk + β1jk ( Xijk - 0... ) + rijk
where:

yijk represents the 2001 FCAT Math Achievement,
β0jk represents the intercept of class j with teacher k,
β1jk represents the slope of variable X1 of class j with teacher k, and
rijk represents the residual for individual i within class j and teacher k.
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In the next level, the level-1 slope and intercept become dependent variables
being predicted from level two variables. Each class level variable was the grand mean
centered in the predictor variables. The model representing the 2nd level is given as:
β0jk = (00k +(11k(Instructional method) + (12k (Instructional time)+ u0jk
and
β1jk = (10k
(00k is the expected 2001 FCAT Math achievement for teacher k, if,

where:

all class level variables are centered,
(11k is the regression coefficient based on the relationship between the
expected FCAT Math achievement mean of teacher k and the class
mean represented by instructional method,
(12k is the regression coefficient based on the relationship between the
expected FCAT Math achievement mean of teacher k and the class
mean represented by instructional time, and
u11k is the unique effect of class j of teacher k on the class mean
achievement after controlling for instructional method.
In level three, the level two slope and intercept become dependent variables being
predicted from level three variables. Each teacher level variable was the grand mean
centered predictor variable. The model representing the 3rd level is given as:
(00k = 8000

+

8001 (Teacher mathematics preparation)

+

8002 (Interaction of mathematics preparation and instructional method) +
t00k
γ11k = 8110
where:
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λ000 is the expected 2001 FCAT Math Achievement for the group if all teacher
level variables given are centered,
λ001 is the regression coefficient based on the relationship between the
expected class mean FCAT Math achievement and professional
preparation after controlling for other teacher variables,
λ002 is the regression coefficient based on the relationship between the
expected class mean FCAT Math achievement and the interaction of
professional preparation and instructional method after controlling for
other teacher variables, and
8110 is the fixed value of the slope (γ11k) across all teachers (pooled withinteachers regression coefficient), and
t11k is the unique effect of teacher k on the average achievement after
controlling for S1j .
Summary
Past research has indicated that students within classrooms differ in achievement
as a result of past performance. Student achievement has also been shown to vary as a
result of the characteristics of the classroom that include time allowed for instruction and
the kind of instructional delivery that takes place. Research also suggests that teachers’
subject area knowledge is critical in explaining student achievement. These contextual
variables are recognized as contributory in predicting student achievement. While the
concept of nested data structure can be applied easily here, the question still remains as to
what number of levels may be appropriate for this data. Given the evidence provided by
other researchers who use HLM, exploratory analyses of the modeling process were
advised in order to determine the robustness of the results. While the intent of this study
was to look at differences in student mathematics achievement as impacted by teachers’
training in mathematics and the use of technology to deliver instruction, any concerns
about the method of analysis need to be addressed as well.
Although the three level model more accurately reflects the hierarchical structure
of the data, there are very few classes (level 2 units) for each level 3 unit (teachers).
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Sparseness of data (i.e., number of classes per teacher ranged from one to four) has been
shown to affect estimation and convergence. Therefore, both a 2- and 3-level model
were run. These models are defined as follows: two level model represented by students
nested in classes and a three level model represented by students nested in classes which
are nested in teachers.
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Chapter Four
Results
The purpose of this study was to investigate the effects of middle school teachers’
preparation in mathematics and instructional method (Integrated Learning System vs.
non-Integrated Learning System) on 8th grade students’ mathematics achievement.
Teachers with completed courses in mathematics and in methods of teaching
mathematics (i.e., teacher mathematics preparation) were expected to positively impact
student mathematics achievement. The Integrated Learning System (ILS) was
hypothesized to positively affect student mathematics achievement with the strongest
effect observed for teachers with less preparation. The following research questions were
addressed:
1.

What effect does the amount of teachers’ mathematics preparation,
defined by number of mathematics courses and presence of methods of
teaching mathematics course, have on 8th grade students’ mathematics
achievement?

2.

What effect does the instructional method (ILS vs. Non-ILS) have on 8th
grade students’ mathematics achievement?

3.

To what extent does an integrated learning system (ILS) interact with a
teacher’s level of mathematics preparation, defined by number of
mathematics courses and presence of methods of teaching mathematics
course, on 8th grade students’ mathematics achievement?

To address these research questions, three levels of data were examined in this
study: student level, classroom level and teacher level. In both the two- and three-level
models the same dependent variable was used (eighth grade mathematics achievement) as
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were the independent variables (i.e., student prior achievement, time, instructional
method, mathematics preparation). The major difference in the two- and three-level
models was that the two-level model combined the teacher characteristics with the
classroom characteristics and in the three-level model the teacher characteristics were
separated from the classroom characteristics. The results from the two-level and threelevel analyses are presented in this chapter. A resolution on the choice of using the twolevel model or three-level model in relation to the research questions is presented in the
summary.
Descriptive Information for Classes
Non-ILS Classes. Table 8 presents descriptive information for the 37 participating
non-ILS classes. As can be seen, class means ranged from 235.4 to 335.1 and standard
deviations ranged from 23.98 to 61.82 on FCAT. Nineteen of the 37 classes had
skewness and kurtosis values in the interval of -1 and 1. Class sizes for these classes
ranged from 9 to 22 students. For classes that had skewness and kurtosis values outside
the range, the largest skewness was -2.22 and largest kurtosis was 6.29.
Table 8
Descriptive Information for Participating Non-ILS Classes
Instructional

Mathematics Preparation
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods

Time
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
90
90
90

52

FCAT Math Scale Score
N

M

SD

12
4
17
8
14
10
19
16
10
11
9
22
14
16
21
17

287.4
277.8
307.8
305.3
297.6
282.0
315.7
293.2
292.8
298.7
290.3
298.9
307.5
235.4
288.8
276.5

48.33
61.82
27.92
93.75
28.89
39.96
44.64
45.60
38.68
46.68
31.20
38.05
37.96
56.64
32.96
40.10

skew.

kurt.

-2.00
5.29
-1.55
2.11
-1.28
2.92
-1.24
2.13
-0.87
0.81
-0.65
0.69
-0.48
1.75
-0.30
-0.42
-0.08
-0.12
0.12
0.55
0.30
-0.71
0.53
-0.81
0.65
0.50
-1.93
2.98
-1.29
3.63
-0.84
0.40
(table continues)

Instructional
Mathematics Preparation
No mathematics or methods
No mathematics or methods
Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics
Mathematics and methods of teaching mathematics

Time
90
90
˜ 50
˜ 50
˜ 50
90
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
90
90
90
90
90
90
90

FCAT Math Scale Score
N
15
15
13
16
17
19
20
16
18
18
9
15
13
20
9
16
11
16
15
13
9
N
13.9
16.3
14.5

No mathematics or methods
Mathematics only
Mathematics and methods of teaching mathematics

M

SD

skew.

kurt.

283.1 27.19 -0.50
271.9 23.98
0.93
273.9 35.13 -2.24
274.2 22.21 -0.65
295.3 35.74 -0.07
272.6 52.01 -2.22
273.8 66.99 -1.82
284.8 34.23 -1.29
283.1 36.11 -0.81
313.6 22.67 -0.79
294.9 37.61 -0.71
300.2 30.48 -0.44
297.0 36.22 -0.06
279.1 34.81
0.65
258.2 77.16 -1.21
302.2 30.77 -1.10
284.7 29.01 -0.37
284.3 31.42
0.01
335.1 27.47
0.55
296.6 22.55
0.96
270.2 37.69
0.97
Summary - Means
M
SD
skew.
290
42.5
-0.6
279
36.3
-1.3
291
37.0
-0.4

1.10
0.96
6.19
-0.03
-1.18
6.29
3.27
3.76
-0.15
0.12
0.64
1.68
-1.55
0.32
1.03
2.40
0.32
-0.52
0.92
1.27
1.03
kurt.
1.3
2.8
1.0

Note. The FCAT ranges from 100 to 500 with a mean of 300 (SD=65). The District level mean was 319
(SD=51.5)

ILS Classes. Table 9 presents descriptive information for the 39 participating ILS
classes. As can be seen, class means ranged from 270.0 to 335.9 and standard deviations
ranged from 21.97 to 62.60. Twenty-three of the 39 classes had skewness and kurtosis
values in the interval -1 and 1. Class sizes for these classes ranged from 9 to 24 students.
For classes that had a skewness and kurtosis outside the range, the largest skewness was
-3.42 and largest kurtosis was 12.73.
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Table 9
Descriptive Information for Participating ILS Classes
Instructional

FCAT Math Scale Score

Mathematics Preparation
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods
No mathematics or methods

Time
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50

N

M

SD

skew.

kurt.

16
21
9
18
16

296.7
295.0
298.2
303.8
277.9

36.17
29.36
22.73
36.31
36.08

-0.68
-0.33
0.89
1.09
-1.50

0.46
0.23
0.44
1.68
2.58

Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics only
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of
Mathematics and methods of

˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
90
90
90
90
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
˜ 50
90
90
90
90
90
90
90

11
19
22
17
9
19
15
17
16
21
15
20
22
16
23
16
23
21
20
22
24
22
23
23
15
18
1
12
15
20
21
21
20
11

301.5
290.1
282.0
293.1
287.4
271.4
287.1
295.9
282.3
313.6
330.7
296.2
299.0
304.1
289.0
303.0
290.2
306.8
317.4
305.8
310.3
304.8
309.3
298.3
335.9
305.6
270.0
297.3
270.9
291.0
297.1
279.9
275.4
299.9

30.00
40.24
33.17
28.20
39.93
55.04
62.60
30.14
21.97
23.40
35.37
34.07
34.97
56.99
43.02
45.66
34.00
30.93
29.06
32.18
27.38
30.02
28.00
23.01
28.29
25.09
.
32.31
40.14
39.23
25.16
34.54
48.84
32.74

teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics
teaching mathematics

54

-0.91
0.82
-0.69
-0.11
-0.42
-0.61
0.32
-0.21
0.34
-1.24
-1.90
4.77
-1.76
6.08
-0.37
-0.76
-0.23
-0.58
-0.44
-0.27
-0.42
-0.33
-0.39
-0.58
-0.38
0.15
-3.42
12.73
-1.81
4.46
-1.50
2.70
-1.21
3.02
-1.04
3.81
-0.77
0.61
-0.14
-0.36
-0.14
-0.37
-0.12
-0.62
0.31
1.06
0.37
-0.97
0.44
1.14
0.49
-0.51
.
.
0.11
-1.83
-0.70
-0.06
-0.69
0.57
-0.31
-0.14
-0.30
-0.52
-2.46
9.05
-0.91
2.17
(table continues)

N
16.0
16.1
18.6

No mathematics or methods
Mathematics only
Mathematics and methods of teaching mathematics

Summary - Means
M
SD
skew.
294
32.1
-0.1
288
37.9
-0.6
300
33.9
-0.6

kurt.
1.1
0.9
1.5

Note. The FCAT ranges from 100 to 500 with a mean of 300 (SD=65). The District level mean was 319
(SD=51.5)

Two Level Analysis
Overview. The two level analysis began with the unconditional model (no
predictor variables at level one or level two). The covariate, prior mathematics
achievement (7th grade FCAT NRT) was then added to the model. The adjusted 8th grade
mathematics achievement class mean ($0j) derived from the level one model was then
used as the outcome to be explained by the level two variables. Examining different
models as each level two variable was added (one at a time) allowed for determining the
amount of explained variance contributed by the variable(s) and determining the extent of
the variable’s effect. Two variance components were presented in the tables: the
variability within the class associated with the ith student in the jth class was given by the
random error rij and the variability between classes was given by the random error u0j .
Unconditional model. In the two level analysis, students represented the
first level and classes represented the second level. To determine the amount of variation
in mathematics achievement between classes versus the amount of variability within
classes, analyses began with an unconditional model. The unconditional means model
did not include any predictors and provided a ceiling on the amount of variation in
classroom means that could be explained by a level-2 factor (Singer, 1998). A
comparison between the variance components found in the unconditional model and
variance components derived from other models was used to determine the percent of
explained variance that was accounted for by various factors.
At the first level, students’ Grade 8 mathematics achievement was expressed as
the sum of an intercept for the students’ class ($0j) and a random error (rij) associated
with the ith student in the jth class:
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yij = $0j + rij , where rij ~ N( 0, σ2 ).

(1)

At the second level, the class level intercepts were expressed as the sum of an overall
mean (γ00) and a series of random deviations from that mean:

$0j = γ00 + u0j , where u0j ~ N( 0, τ00 ).

(2)

Substituting the two equations, results in the multilevel model:

yij = γ00 + u0j + rij .

(3)

The equation is an example of a mixed model that contains two parts: fixed and
random. The fixed part of the model contains γ00 , the single fixed effect that described
the average 8th grade mathematics achievement for 76 classes. The random part contains
two random effects: u0j and rij. The random effect that described the variability between
class means was u0j and the random effect that described the variability within classes
was rij. The results from this model are presented in Table 10.
Table 10
Fixed and Random Effects for the 2-Level Unconditional Model
Fixed Effect
Coefficients
Intercept, γ00
293.3
Random Effect
Variance Components
Intercept, τ00
177.2
Residual, rij
1423.1
Note. Data represented 30 teachers, 76 classes, and 1223 students.

se
1.89
se
44.14
59.38

t-ratio
154.81
z-ratio
4.01
23.97

Pr (t)
<.0001
Pr (z)
<.0001
<.0001

The intercept for fixed effect, 293.3 was the average class mean for the 76 classes
under study. There are two estimates for the random effects portion of this model. The
variance component for class intercepts was 177.2 and the variance component among
students within classes was 1423.1. Hypothesis tests of both random estimates indicated
that the variance components were significantly different from 0; classes varied in their
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average mathematics achievement and even more variation existed among students in
classes. The intraclass correlation coefficient (ICC) is found using the variance
components. The ICC equals .11 [177.2 / (177.2 + 1423.11)] which indicates some
clustering of mathematics achievement existed within classes.
Conditional Model Including the Level-1 Covariate. The effect of the level-1
covariate, Grade 7 mathematics achievement, on Grade 8 mathematics achievement was
examined. Prior mathematics achievement was measured using the students’ seventh
grade FCAT Norm Referenced Test (NRT). The norm-referenced test was reported as an
NCE score between 1 and 99 points. The covariate, prior mathematics achievement, was
centered at the grand mean; the grand mean was subtracted from the students’ score
resulting in a value that was used in the analysis.
At the first level, students’ Grade 8 mathematics achievement was expressed as
the sum of an intercept for the students’ class ($0j), the expected change in Grade 8 FCAT
Math achievement for a unit change in the student’s grade 7 mathematics achievement
($1j), the student’s grade 7 achievement score centered around the grand mean ( Xij - 0.. ),
and a random error (rij) associated with the ith student in the jth class:
yij = $0j + $1j ( Xij - 0.. ) + rij .

(4)

At the second level, the class level intercepts are expressed as the sum of an
overall mean (γ00), a series of random deviations from that mean (u0j), and the fixed value
of the slope ($1j ) across all classes (γ10 ):

and

$0j = γ00 + u0j ,

(5)

β1j = (10.

(6)

Substituting the two equations, results in the multilevel mixed model:

yij = γ00 + u0j + rij .

(7)

rij ~ N( 0, σ2 ) and u0j ~ N( 0, τ00 ).
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As seen in Table 11, the estimate for the fixed effect intercept in the conditional
model was 293.5. This represented the adjusted class mean for mathematics achievement
across classes while controlling for students’ prior mathematics achievement. There is
very little difference between it and the unconditional model’s class mean (293.3).
The estimate for the average regression slope reflecting the relationship between
7th grade and 8th grade FCAT scores was 1.15. On average, student prior mathematics
achievement was significantly related to 8th grade mathematics achievement within
classes (t = 20.03, p < .0001).
Table 11
Fixed and Random Effects for the 2-Level Conditional Model with Level-1 Covariate
Fixed Effects
Coefficient

se

t-statistic

Prob(t)

Unconditional

293.3

1.89

154.81

<.0001

Conditional - w/ Level-1 Covariate

293.5

1.38

213.11

<.0001

Unconditional

--

--

--

--

Conditional - w/ Level-1 Covariate

1.2

0.06

20.03

<.0001

Intercept, γ00

Prior Mathematics achievement, β1j

Random Effects
Variance
Components

se

z-statistic

Prob(z)

Unconditional

177.2

44.14

4.01

<.0001

Conditional - w/ Level-1 Covariate

71.9

23.38

3.01

.0013

Intercept, τ00

Residual, σ

2

Unconditional

1423.1

59.38

23.97

<.0001

Conditional - w/ Level-1 Covariate

1101.9

46.05

23.93

<.0001

Note. Data represented 30 teachers, 76 classes, and 1223 students.

By introducing 7th grade mathematics achievement as a level-1 covariate, the
variance estimates were expected to be reduced. As suggested by current research
(Nunez & Dosett, 2003; Erbe, 2000), including the student level covariate in the model
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resulted in a noticeable drop in the variance components. As seen in Table 10, the
variance component for the intercept, describing the between class variability, dropped
from 177.2 in the unconditional model to 71.9 in the conditional model including the
student level covariate. The inclusion of 7th grade mathematics achievement, accounted
for [(177.2-71.9)/177.2 = .59], or 59% of the explainable variation between classes
(Singer, 1998). The within class variability estimate, the residual, dropped from 1423.11
in the unconditional model to 1101.87 in the conditional model that included the level-1
covariate. About 23% [(1423.11-1101.87)/1423.11 = .23] of the within class variation
was explained when grade 7 mathematics achievement was introduced into the model.
Hypothesis tests for the variance component for the intercept suggested that after
including grade 7 mathematics achievement there was variance to explain and increasing
the number of variables in the model was warranted.
Conditional Model Including Random Intercepts and Slopes. A model that
contained random components for both the intercepts and the slopes was examined. The
difference between this model and the previous model that included the level-1 covariate
is that the slopes (7th grade - 8th grade achievement relationship) were free to vary,
changing the combined model given in (7) to the resulting combined multilevel mixed
model:

yij = γ00 + (10 ( Xij - 0.. ) + u0j + rij

(8)

where γ00 is the expected grade 8 FCAT Math scale score class mean controlling for
student prior mathematics achievement, γ10 is the random value of the slope allowed to
vary across all classes, and the random effect of the class is represented by u0j and the
random effect within the class was represented by the residual associated with rij .
Results from the previous model suggested that variation in the slopes for 7th
grade - 8th grade achievement across classes existed and therefore a model that contained
slopes as a random component needed to be examined. The extent to which the
intercepts and slopes varied across classes was given by the variance components
presented in Table 12.
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Table 12
Fixed and Random Effects for Conditional Model with Random Slopes and Intercepts
Fixed Effect
Intercept, γ00
Prior Mathematics Achievement,γ1j
Random Effect
Intercept, τ00
Slopes, τ11
Covariance (between intercepts and slopes),τ01
Residual, rij
Note. Data represented 30 teachers, 76 classes, and 1223 students.

Coefficients
293.6
1.2
Variance
Components
72.9
0.1
-1.2
1423.1

se
1.38
0.06

t-ratio
212.31
18.80

Pr (t)
<.0001
<.0001

se
24.2
0.04
0.83
59.38

z-ratio
3.02
1.01
-1.40
23.97

Pr (z)
.001
.157
.161
<.0001

The variability in intercepts, τ00, was 72.94 with a standard error of 24.2 (p =
.001). A rejection of the null that the variance component was equal to 0 was made;
classes differed in Grade 8 mathematics achievement after controlling for student prior
mathematics achievement. The variability in slopes, τ11 , was 0.05 with a standard error
of 0.04 (p=.157). The null hypothesis that the variance component was equal to 0 was
not rejected; the relationship between student prior mathematics achievement and
mathematics achievement was not significantly different among the classes. The
estimate for the covariance component, τ01 , was -1.17 with a standard error of 0.83.
Because the test for the null that the variance component was equal to 0 could not be
rejected (p = .161), there was little covariation between intercepts and the slopes.
There was no evidence that the effects of 7th grade mathematics achievement on
8th grade mathematics achievement differed across classes. Because the variation in
slopes did not differ significantly from 0, the random component for the slopes was not
included in any further analyses (i.e., slope was represented as a fixed effect).
Conditional Model Including the Level-2 Covariate, Time. In order to examine
the relation between the adjusted 8th grade achievement and instructional time, the level-2
predictor, instructional time, was added to the model. Time was represented by three
periods of instructional time: 45 minutes, 50 minutes and 90 minutes. Any question
about existing differences that may have occurred between 45 minute classes and 50
minute classes was resolved during an initial review of the data. It was determined that
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differences in group means on grade 8 mathematics achievement for teachers using
similar instructional methods in 45-minutes classes vs. 50-minute classes were not
statistically significant. Simply, class means for ILS teachers with mathematics and
methods of teaching mathematics preparation in 45 minute classes were similar to ILS
teachers with mathematics and methods of teaching mathematics preparation in 50
minute classes; similar results were noted for other pairs of classes. Consequently, time
was categorized into two levels, less than or equal to 50 minutes (coded 0) and 90minutes (coded 1).
The level-1 model did not change from the earlier models that were presented (4)
and remained defined as:
yij = $0j + $1j ( Xij - 0.. ) + rij

(9)

where, yij represented the predicted grade 8 FCAT Math achievement, β0j represented the
expected 2001 FCAT Math achievement for a student whose value on Xij equaled the
grand mean, β1j represented the expected change in grade 8 FCAT Math achievement for
a unit change in student prior mathematics achievement and rij represented the residual
for individual i within group j. The addition of the covariate, instructional time, the
level-2 model was defined as:
$0j = γ00 + γ1j (Instructional time) + u0j

(10)

$1j = γ10 .

(11)

Table 13 presents the fixed and random effects for the level-2 variable,
instructional time. The intercept in the conditional model, 295.7, estimated the
mathematics achievement for a class with an average prior mathematics achievement
using less than or equal to 50 minutes of instructional time. The fixed effect estimate for
instructional time was -7.01 (se = 2.89, t-statistic = -2.43, p = .018), indicating that there
was a statistically significant relationship between the amount of instructional time and
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the mathematics achievement scores of its students; classes that had 90 minutes of
instructional time tended to be 7 points lower on mathematics achievement compared to
classes of 50 minutes or less.
Table 13
Fixed and Random Effects for the 2-Level Conditional Model with Level-1 and Level-2
Covariates: Prior Mathematics Achievement and Time
Fixed Effects
Variable
Intercept, γ00

Prior Mathematics
achievement, γ1j

Instructional Time, γ10

Model

Coefficient

se

t-statistic

Prob(t)

Unconditional

293.3

1.89

154.81

<.0001

Conditional

*1

293.5

1.38

213.11

<.0001

Conditional

*2

295.7

1.62

182.93

<.0001

Unconditional

--

--

--

--

Conditional*1

1.2

0.06

20.03

<.0001

Conditional*2

1.1

1.38

19.68

<.0001

Unconditional

--

--

--

--

Conditional

*1

--

--

--

--

Conditional

*2

-7.0

2.89

-2.43

0.018

Random Effects
Intercept, τ00

Residual, σ

2

Variance Components

se

z-statistic

Prob(z)

Unconditional

177.2

44.14

4.01

<.0001

Conditional

*1

71.9

23.88

3.01

.001

Conditional

*2

63.2

22.49

2.81

.003

Unconditional

1423.1

59.38

23.97

<.0001

Conditional*1

1101.9

46.05

23.93

<.0001

Conditional*2

1101.8

46.04

23.93

<.0001

Note. Data represented 30 teachers, 76 classes, and 1223 students.
*1 Conditional with Level-1 Covariate
*2 Conditional with Level-1 and Level-2 Covariates

As seen in Table 13, the conditional component for the variance within the class,
σ2 , barely changed with the addition of time. The variance component representing
between classes variance (τ00) dropped slightly to 63.2 when compared to the conditional
model that included the level-1 covariate. About 12% [(71.90-63.17)/71.90 = .12] of the
variation between classes was captured by the level-2 covariate, time.
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Conditional Model Including the Level-2 Predictor, ILS. The variable ILS,
represented the instructional component of the class (Integrated Learning System). ILS
was measured dichotomously using a value of 1 for teachers using the ILS and a value of
0 for teachers not using the ILS. The level-1 model did not change from the earlier
model that was presented and remained defined as:
yij = $0j + $1j ( Xij - 0.. ) + rij

(14)

In this model, the Level-2 model is defined as:
$0j = γ00 +
γ01(Instructional time) +
γ02(ILS) +
u0j

(15)

$1j = γ10 .

(16)

Table 14 presents the fixed and random effects for the level-2 variable, ILS. The
intercept in the conditional model, 292.4 estimated the mathematics achievement for a
class with an average prior mathematics achievement in a class with less than or equal to
50 minutes of instruction and not using the ILS for instruction. The relationship between
the level-2 variable, ILS and mathematics achievement was given by the fixed estimate
for ILS that equaled 5.9; classes that use the ILS for instructional purposes tended to
increase their class mean by almost 6 points on mathematics achievement. With a
standard error of 2.63 contributing to a t-statistic of 2.24 (p-value = .028), a significant
relationship existed between the use of an ILS for instruction and the mathematics
achievement scores of its students.
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Table 14
Fixed and Random Effects for the 2-Level Conditional Model with Level-1 and Level-2
Covariates and ILS
Fixed Effects
Variable

Model

Intercept, γ00
Prior Mathematics Achievement, γ1j
Time, γ00
ILS, γ10

Coefficient

se

t-statistic

Prob(t)

Conditional

*1

295.7

1.62

182.93

<.0001

Conditional

*2

292.4

2.17

134.55

<.0001

Conditional

*1

1.1

0.06

19.68

<.0001

Conditional*2

1.4

0.06

19.69

<.0001

Conditional

*1

-7.0

2.89

-2.43

.018

Conditional

*2

-6.5

2.84

-2.29

.028

Conditional

*2

5.9

2.63

2.24

.028

Random Effects

Intercept, τ00
Residual, σ

2

Variance
Components

se

z-statistic

Prob(z)

Conditional*1

63.2

22.49

2.81

.003

Conditional

*2

57.5

21.49

2.67

.004

Conditional

*1

1101.8

46.04

23.93

<.0001

Conditional*2

1101.1

45.98

23.95

<.0001

Note. Data represented 30 teachers, 76 classes, and 1223 students.
*1 Conditional with Level-1 and Level-2 Covariates
*2 Covariates and ILS

As seen in Table 14, the variance component for within the class barely changed
when the variable ILS was included. The variance component representing between
classes variance dropped from 63.17 in the conditional model including the covariates to
57.45 when ILS was included in the model. About 9% [(63.17-57.45)/63.17 = .09] of the
remaining variation between classes was captured by the variable, ILS.
Conditional Model Including the Level-2 Predictor, Mathematics Preparation.
Three categories of teachers were defined: (a) teachers with documentation of completed
mathematics courses and methods of teaching mathematics, (b) teachers with completed
mathematics courses only, and (c) teachers with no documentation of sufficient
mathematics courses to teach MJ-3 and no methods of teaching mathematics. In order to
compare the three groups of teachers, dummy coding of the three categories was done
using two variable names, MATH and MATH/METHOD. MATH compared teachers
who had completed mathematics courses only to the group of teachers with no
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documentation of sufficient subject area content to teach MJ-3. MATH/METHOD
compared teachers with documentation of mathematics and methods of teaching
mathematics to teachers without documentation of mathematics and methods of teaching
mathematics.
The level-1 model did not change from the earlier models that were presented (4)
and remained defined as
yij = $0j + $1j ( Xij - 0.. ) + rij .

(19)

The level-2 model was defined as:
$0j = γ00 +
γ01(Instructional time) +
γ02 (MATH) +
γ03(MATH/METHOD) +
u0j

(20)

β1j = γ10 .

(21)

Table 15 presents the fixed and random effects for the level-2 variable,
MATH/METHOD and MATH. The relationship between the level-2 variable
(MATH/METHOD) describing teachers with mathematics and methods of teaching
mathematics was given by the coefficient that equaled 6.3; classes taught by teachers
with mathematics and methods of teaching mathematics preparation tended to have
higher class means, by over 6 points on class mathematics achievement compared to
teachers without mathematics preparation (subject matter or methods). With a standard
error of 3.00 contributing to a t-statistic of -2.08 (p-value = .041), a significant
relationship existed between teachers with methods of teaching mathematics preparation
on the mathematics achievement scores of their students.

65

The relationship between MATH and grade 8 mathematics achievement is given
by the coefficient that equaled -1.2. With a standard error of 3.97 contributing to a tstatistic of -0.29 (p-value = .770), there was no evidence of a significant difference
between teachers with subject area content and teachers without the mathematics
preparation on grade 8 mathematics achievement scores.
Table 15
Fixed and Random Effects for the 2-Level Conditional Model with Level-1 and Level-2
Covariates and Professional Preparation
Fixed Effects
Variable
Intercept, γ00
Prior Mathematics Achievement, γ00
Time, γ00
MATH, γ10
MATH/METHOD, γ10

Model

Coefficient

se

t-statistic

Prob(t)

*1

295.7

1.62

182.93

<.0001

Conditional*2

292.6

2.52

115.89

<.0001

Conditional

*1

1.1

0.06

19.68

<.0001

Conditional

*2

1.1

0.06

19.57

<.0001

Conditional*1

-7.0

2.89

-2.43

.018

Conditional

*2

-7.2

2.82

-2.53

.014

Conditional

*1

---

---

---

---

Conditional

*2

-1.2

3.97

-.29

.770

Conditional*1

---

---

---

---

*2

6.3

3.01

2.08

.041

Conditional

Conditional

Random Effects

Intercept, τ00
Residual, σ

2

Variance
Components

se

z-statistic

Prob(z)

Conditional*1

63.2

22.50

2.81

.005

Conditional*2

55.5

21.37

2.60

.009

Conditional

*1

1101.8

46.03

23.94

<.0001

Conditional

*2

1101.5

46.01

23.94

<.0001

Note. Data represented 30 teachers, 76 classes, and 1223 students.
*1 Conditional with Level-1 and Level-2 Covariates
*2 Covariates with MATH and Method (Mathematics Preparation)

As seen in Table 15, the conditional component for the variance within the class
dropped some from the parameter given in the conditional model fitted with the
covariates. The within class variance in the conditional model including MATH and
MATH/METHOD (1101.5) differs little from the conditional model including only the
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covariate (1101.8). The variance component representing between classes variance
dropped considerably from 63.2 in the conditional model that included only the
covariates to 55.5 in the conditional model that included MATH and METHOD. About
12% [(63.2 - 55.5)/63.2 = .123] of the remaining variation between classes was captured
in this model that added the teacher mathematics preparation variables, MATH and
MATH/METHOD.
Conditional Model Including Main Effects. A model that included all the
variables was tested. The effects of the variables, prior mathematics achievement,
instructional time, ILS, MATH and MATH/METHOD were included in the model. The
level-1 model did not change from the earlier models that were presented (4) and
remained defined as:
yij = $0j + $1j ( Xij - 0.. ) + rij .

(24)

The level-2 model was defined as:
$0j = γ00 +
γ01 (Instructional time) +
γ02 (ILS) +
γ03 (MATH) +
γ04 (MATH/METHOD) + u0j (25)
$1j = γ10 .

(26)

As seen in Table 16, the relationship between the level-2 variable
MATH/METHOD (teachers with mathematics and methods of teaching mathematics
training) while controlling for ILS and prior mathematics achievement was given by the
coefficient that equaled 4.00; classes taught by teachers with subject matter and methods
of teaching mathematics preparation tended to have higher class mean by almost 4 points
on class mathematics achievement. With a standard error of 3.21 contributing to a t67

statistic of 1.24 (p-value = .218), no significant relationship existed between teachers
with mathematics and methods of teaching mathematics preparation and the achievement
scores of their students. The estimate for the effect of MATH (teachers with mathematics
and no methods of teaching mathematics preparation) while controlling for ILS, was -3.7;
classes taught by teachers with mathematics preparation tended to have lower class
means by almost 4 points and class mathematics achievement than teachers without the
mathematics training. With a standard error of 4.14 contributing to a t-statistic of -0.89
(p-value = .376), no significant relationship existed between teachers with mathematics
and no methods preparation on the mathematics achievement scores of their students.
The estimate for the effect of ILS (integrated learning system) while controlling for
teachers’ mathematics preparation was 5.3; classes using the ILS tended to have higher
class means by over 5 points compared to non-ILS classes. With a standard error of 2.81
contributing to a t-statistic of 1.88 (p = .065), no statistically significant relationship
existed between ILS classes and the mathematics achievement scores of the students.
Table 16
Fixed and Random Effects for the 2-Level Conditional Model Including the Predictors
Fixed Effects
Conditional-With
Covariates
Intercept, γ00
Prior achievement, γ11
Time

Conditional - Main effects

Coefficient

Prob(t)

Coefficient

s.e.

df

t-value

Prob(t)

295.7

<.0001

291.2

2.60

76

111.86

<.0001

1.1

<.0001

1.1

0.06

1217

19.57

<.0001

-7.0

.018

-6.4

2.81

70

-2.29

.025

5.3

2.81

69

1.88

.065

-3.7

4.14

70

-0.89

.376

4.0

3.21

71

1.24

.218

ILS
MATH
MATH/METHOD

Random Effects

Intercept, γ00
Residual, rij

(τ00 )
2

(σ )

Coefficient

Prob(z)

Variance
Components

s.e.

zstatistic

Prob(z)

63.2

0.003

52.3

20.81

2.51

.012

1101.8

<.0001

1100.9

45.96

23.95

<.0001

Note. Data represented 30 teachers, 76 classes, and 1223 students.
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As seen in Table 16, the conditional component for the variance within the class
dropped some from the parameter given in the conditional model fitted with the
covariates. The within class variance in the conditional model including ILS, MATH and
MATH/METHOD (1100.9) differs little from the conditional model including only the
covariate (1101.8). The variance component representing between class variance
dropped considerably from 63.2 in the conditional model that included only the
covariates to 52.3 in the conditional model that included ILS, MATH and METHOD.
About 12% [(63.2-55.5)/63.2 = .121] of the remaining variation between classes was
captured by ILS, MATH and MATH/METHOD.
Conditional Model Including Main Effects and Interaction. A model that
included all the variables was tested. The effects of the variables, Prior mathematics
achievement, Time, ILS, MATH and MATH/METHOD were included in the model.
Two interaction effects were also included in the model: the interaction between MATH
and ILS and the interaction of MATH/METHOD and ILS. The level-1 model did not
change from the earlier models that were presented (4) and remained defined as:
yij = $0j + $1j ( Xij - 0.. ) + rij .

(24)

The level-2 model is defined as:
$0j = γ00 +
γ01 (Instructional time) +
γ02 (ILS) +
γ03 (MATH) +
γ04 (MATH/METHOD) +
γ05 (MATH/METHOD x ILS) +
γ06 (MATH x ILS) + u0j

$1j = γ10 .

(25)

(26)
69

As seen in Table 17, none of the main effects or interactions involving ILS and
Mathematics Preparation were statistically significant (p > .05). The main effect of ILS
(8.4) was not statistically significant related to mathematics achievement (s.e. = 5.82,
p=.153). Class means are predicted to be 8 points higher for students if placed in classes
that used an ILS for instruction. The estimate for the effect of MATH (-0.8) indicated a
drop of almost 1 point in mathematics achievement for the average class mean for classes
taught by teachers with mathematics preparation only. The differences in means were
found to be not significant (p = .893). The estimate for the effect of MATH/METHOD
(4.9) indicated an increase of almost 4 points in mathematics achievement for the average
class mean if the teachers had subject matter and methods of teaching mathematics
preparation. The difference in means was found to be not significant (p = .236).
Table 17
Fixed and Random Effects for the Fully-fitted 2-Level Conditional Model
Fixed Effects
Conditional-With
Covariates

Conditional - Fully-fitted

Coefficient

Prob(t)

Coefficient

s.e.

df

t-value

Prob(t)

295.7

<.0001

290.4

2.92

78

99.43

<.0001

1.1

<.0001

1.1

0.06

1211

19.51

<.0001

-7.0

.018

-6.1

2.89

68

-2.12

.038

8.4

5.82

69

1.45

.152

Mathematics

-0.8

6.23

68

-0.14

.893

Math/Method

4.9

4.08

69

1.20

.236

Mathematics X ILS

-6.3

8.97

68

-0.70

.487

Math/Method X ILS

-3.4

6.85

69

-0.50

.618

Intercept, γ00
Prior achievement, γ11
Time
ILS

Random Effects

Intercept, γ00
Residual, rij

(τ00 )
2

(σ )

Coefficient

Prob(z)

Variance
Components

s.e.

z-statistic

Prob(z)

63.2

.005

55.0

21.59

2.55

.011

1101.8

<.0001

1100.9

45.96

23.95

<.0001

Note: Data represented 30 teachers, 76 classes, and 1223 students.
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Three Level Analysis
Overview. The three-level model began with the unconditional model (no
predictor variables at any level). In this model, students represented the first level, the
classes for each teacher represented the second level, and the teachers represented the
third level. The covariate, prior mathematics achievement (7th grade) was added to the
level one model. The adjusted 8th grade mathematics achievement class means (β0jk)
derived from the level-1 model were then used as the outcome to be explained by the
level-2 and level-3 variables. The predictor variables were added into the model one at a
time, matching the procedure done in the 2-level analysis.
Unconditional model. In the three level model, students represented the first
level, classes represented the second level and teachers represented the third level. To
determine the amount of variation in mathematics achievement among classes taught by
teachers and then among teachers versus the amount of variability within classes,
analyses began with an unconditional model. The unconditional means model did not
include any of the predictors and provided a ceiling on the amount of variation that
would ever be explained by a 3-level model. A comparison between the variance
components found in the unconditional model and the variance components derived from
other models was used to determine the percent of explained variance that was accounted
for by various factors.
At the first level, students’ Grade 8 mathematics achievement was expressed as
the sum of the intercept for a students’ class (j) with a specific teacher (k) and a random
error associated with the ith student in the jth class with the kth teacher:
yijk = β0jk + rijk , where rijk ~ N( 0, σ2 ).

(29)

At the second level, the class level intercepts were expressed as the sum of an
overall mean (γ00k) and a series of random deviations from that mean:
β0jk = (00k + u0jk , where u0jk ~ N( 0, τ00 ).
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(30)

At the third level, the teacher level intercepts were expressed as the sum of an overall
mean and a series of random deviations from that mean:
(00k = 8000 + τ00κ

(31)

Substituting the two equations, results in the multilevel model:

yijk = γ000 + τ00κ + u0jk + rijk .

(32)

The equation is an example of a mixed model that contains fixed and random
components. The fixed part of the model contains γ000 , the single fixed effect that
describes the average class grade 8 mathematics achievement for 30 teachers each
teaching from one to four classes. The random part contains three random effects: τ00κ ,

u0j , and rijk . The random effect that described the variability among teachers means
was τ00κ , the random effect that described the variability among class means for each
teacher was u0j and the random effect that described the variability within classes was

rijk. The results from this model are presented in Table 18.
Table 18
Fixed and Random Effects for the 3-Level Unconditional Model
Fixed Effect

Coefficients
292.25

se
2.52

t-ratio
116.05

Pr (t)
<.0001

Random Effect
Variance Components
129.9
Intercept, τ00κ (teacher)
49.4
Intercept, u0j (class)
Residual, rijk
1423.8
Note: Data represented 30 teachers, 76 classes, and 1223 students

se
51.30

z-ratio
2.53

Pr (z)
.006

29.68
59.40

1.67
23.97

.048
<.0001

Intercept

The intercept 292.3 was the average class mean for the 30 participating teachers.
There are three estimates for the random effects portion of this model. The variability
among teacher mean intercepts was 129.9, the variability among class mean intercepts for
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teachers was 49.4, and the variability among students within classes was 1423.8.
Hypothesis tests of the random estimates among teachers and within classes indicated
that the variance components were significantly different from 0; teachers varied in their
average mathematics achievement, classes varied within teachers and variation existed
among students within the classes.
Conditional Model Including the Level-1 Covariate. The effect of the level-1
covariate, Grade 7 mathematics achievement on Grade 8 mathematics achievement was
examined in the 3-level model. Prior mathematics achievement was measured using the
students’ seventh grade FCAT Norm Referenced Test (NRT).
At the first level, students’ Grade 8 mathematics achievement was expressed as
the sum of an intercept for the students’ class ($0jk) , the expected change in Grade 8
FCAT Math achievement for a unit change in the student’s grade 7 mathematics
achievement ($1jk), the student’s grade 7 achievement score centered from the grand
mean ( Xijk - 0... ), and a random error (rijk) associated with the ith student in the jth
class:
yijk = $0jk + $1jk ( Xijk - 0... ) + rijk .

(33)

At the second level, the class level intercepts for each teacher were expressed as the sum
of an overall mean (γ00k), a series of random deviations from that mean (u0jk), and the
fixed value of the slope ($1jk ) across all classes (γ10k ):
β0jk = (00k + u0jk,

and

β1jk = (10k .

(34)
(35)

At the third level, the teacher level intercepts were expressed as the sum of an overall
mean (γ000), a series of random deviations from that mean (u0jk), and the fixed value of
the slope (γ11k) across all teachers ( 8110):
(00k = 8000 + γ00k

(36)

γ11k = 8110

(37)
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Substituting the two equations, results in the multilevel mixed model:

yijk = 8000 + γ00k + u0jk + rijk

(38)

2

rijk ~ N( 0, σ ) , u0jk ~ N( 0, τ0jk ) and γ00k ~ N( 0, π00k ).

where:

As seen in Table 19, the estimate for the fixed effect intercept in the conditional
model was 293.0. This represented the adjusted class mean for mathematics achievement
across classes while controlling for student prior mathematics achievement. There is very
little difference between it and the unconditional model’s class mean (292.3).
Table 19
Fixed and Random Effects for the 3-Level Conditional Model with Level-1 Covariate
Fixed Effects
Coefficient
Intercept, γ00
Prior Mathematics
achievement, β1j

se

t-statistic

Prob(t)

Unconditional

292.3

2.52

116.05

<.0001

Conditional*1

293.0

1.80

163.26

<.0001

Conditional*1

1.1

0.06

19.86

<.0001

z-statistic

Prob(z)

Random Effects
Variance Components
Intercept, Teacher
Intercept, Class

Unconditional

129.9

51.30

2.53

.011

Conditional*1

61.0

26.79

2.28

.023

Unconditional

49.5

29.68

1.67

.960

Conditional
Residual, σ2

se

*1

14.0

17.81

0.78

.433

Unconditional

1423.8

59.40

23.97

<.0001

Conditional*1

1101.7

46.01

23.94

<.0001

Note: Data represented 30 teachers, 76 classes and 1223 students.
*1 Conditional with Level-1Covariates

By introducing seventh grade mathematics achievement as a level-1 covariate, the
variance estimates were expected to be reduced. Including the student level covariate in
the model caused a noticeable drop in the variance components. As seen in Table 18, the
variance component for the intercept, describing the variability among teachers, dropped
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from 129.9 in the unconditional model to 61.0 in the conditional model that included the
student level covariate. Inclusion of grade 7 mathematics achievement accounted for
[(129.9 -61.0)/129.9 = .53], or 53% of the explainable variation among teachers (Singer,
1998).
The within class variability estimate, the residual, dropped from 1423.8 in the
unconditional model to 1101.7 in the conditional model that included the level-1
covariate. About 23% [(1423.8 - 1101.7)/1423.8 = .23] of the within class variation was
explained when grade 7 mathematics achievement was introduced into the model.
Hypothesis tests for all variance components suggested that after including grade 7
mathematics achievement there was additional variance to explain and increasing the
number of variables in the model was warranted.
Conditional Model Including Random Intercepts and Slopes. A model that
specified random components for the intercepts and the slopes was examined in the 3level model. The difference between this model and the previous model that included the
level-1 covariate was that the slopes (7th grade - 8th grade achievement relationship) were
free to vary. The extent to which the intercepts and slopes varied across classes was
given by the variance components presented in Table 20.
Table 20
Fixed and Random Effects for 3-Level Conditional Model with Random Slopes and
Intercepts
Fixed Effect

Coefficients
Intercept, γ00
293.1
Prior Mathematics Achievement,γ1j
1.2
Random Effect
Variance Components
Teacher Level
Intercept
61.50
Slopes
0.04
*1
Covariance
-0.75
Class Level
Intercept
16.60
Slopes
0.01
*1
Covariance
-0.50
Residual
1086.0
Note: Data represented 30 teachers, 76 classes, and 1223 students.
*1
covariance between intercepts and slopes
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se
1.81
0.07
se
27.7
0.04
0.82
18.70
0.05
0.67
46.56

t-ratio
161.83
16.55
z-ratio
2.22
0.98
-0.91
0.88
0.23
-0.67
23.3

Pr (t)
<.0001
<.0001
Pr (z)
.013
.163
.364
.189
.410
.501
<.0001

The variability in teachers’ intercepts was 61.5 with a standard error of 27.7 (p =
.013). A rejection of the null that the variance component was equal to 0 was made;
mathematics achievement differed across teachers after controlling for student prior
mathematics achievement. The variance component describing the variability in slopes
among teachers was 0.04 (se = 0.98; p = .163). The null hypothesis that the variance
component was equal to 0 was not rejected; the relationship between the intercepts and
slopes was not statistically significant among teachers. The variability in class intercepts
for teachers was 16.6 with a standard error of 18.7 (p = .189). A rejection of the null that
the variance component was equal to 0 could not be made; classes for a given teacher did
not differ significantly in Grade 8 mathematics achievement after controlling for student
prior mathematics achievement. The variability in slopes was 0.01 with a standard error
of 0.05 (p=.410). The null hypothesis that the variance component was equal to 0 was
not rejected; the relationship between the intercepts and slopes was not significantly
different among the classes of a given teacher. The estimate for the covariance
component was -0.45 with a standard error of 0.67. Because the test for the null that the
variance component was equal to 0 could not be rejected (p = .501), there was little
correlation between intercepts and the slopes. Based on these results, the variability for
the slope (the relationship of 7th grade mathematics to 8th grade mathematics
achievement) parameter was set to 0.
Conditional Model Including the Level-2 Covariate, Time. The level-2 predictor,
instructional time was added to the model. Table 21 presents the fixed and random
effects for the level-2 variable, instructional time. The intercept in the conditional model,
295.5, estimated the mathematics achievement for a class with an average prior
achievement using less than 50 minutes of instructional time. The relationship between
time, the level-2 covariate and mathematics achievement was given by the fixed effect
estimate for time (-6.7). A standard error of 3.59 contributing to a t-statistic of -1.87
(p=.072) indicated that there was no statistically significant relationship between the
amount of instructional time and the mathematics achievement scores of its students.
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Table 21
Fixed and Random Effects for the 3-Level Conditional Model with Level-1 and Level-2
Covariates: Prior Mathematics Achievement and Time
Fixed Effects
Intercept, γ00

Prior Mathematics
achievement, γ1j

Instructional Time, γ10

Coefficient

se

t-statistic

Prob(t)

Unconditional

292.3

2.52

116.05

<.0001

Conditional

*1

293.0

1.80

163.26

<.0001

Conditional

*2

295.5

2.15

137.44

<.0001

Unconditional

--

--

--

--

Conditional*1

1.1

0.06

19.86

<.0001

Conditional*2

1.1

0.06

19.65

<.0001

Unconditional

--

--

--

--

Conditional

*1

--

--

--

--

Conditional

*2

-6.7

3.59

-1.87

.072

Random Effects

Intercept, Teacher

Intercept, Class

Residual, σ

2

Variance Components

se

z-statistic

Prob(z)

129.9

51.30

2.53

.011

61.0

26.79

2.28

.023

Unconditional
Conditional

*1

Conditional

*2

52.7

25.21

2.09

.037

49.5

29.68

1.67

.096

Conditional

*1

14.0

17.81

0.78

.433

Conditional

*2

14.3

17.93

0.80

.424

Unconditional

Unconditional

1423.8

59.40

23.97

<.0001

Conditional*1

1101.7

46.01

23.94

<.0001

Conditional*2

1101.7

46.01

23.95

<.0001

Note: Data represented 30 teachers, 76 classes, and 1223 students.
*1 Conditional with Level-1 Covariate
*2 Conditional with Level-1 and Level-2 Covariates

As can be seen in Table 21, adding the level-2 covariate, instructional time,
impacted the variance components at the third level. The variability among teacher
intercepts was given as 52.7 (se = 25.18; p=.018), slightly lower than the conditional
model’s variance component (61.0). A hypothesis test of the random estimate indicated
that the variance component at the teacher level was significantly different than 0
suggesting that the average class achievement for teachers varied substantially. About
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14% [(61.0 - 52.7) / 61.0] of the remaining variance among teachers was further
explained by the addition of the level-2 variable, instructional time.
Conditional Model Including the Level-2 Predictor, ILS. The variable ILS,
represented the instructional component of the class; the instructional delivery known as
an Integrated Learning System (ILS) was used in 41 of the 76 participating classes and
by 16 of the 30 teachers. Table 21 presents the fixed and random effects for the level-2
variable, ILS, when added to the 3-level model. The intercept in the conditional model,
292.4 estimated the mathematics achievement for a class with an average prior
mathematics achievement in a class with less than or equal to 50 minutes of instruction
and not using the ILS for instruction. The relationship between the level-2 variable, ILS
and mathematics achievement was given by the fixed estimate for ILS that equaled 5.4;
classes that use the ILS for instructional purposes had higher class mean by over 5 points
on mathematics achievement than non-ILS classes. With a standard error of 3.34
contributing to a t-statistic of 1.62 (p-value = .119), a statistically significant relationship
did not exist between the use of an ILS for instruction and the mathematics achievement
scores of its students.
Table 22
Fixed and Random Effects for the 3-Level Conditional Model with Level-1 and Level-2
Covariates and ILS
Fixed Effects

Intercept, γ00

Coefficien
t

se

t-statistic

Prob(t)

Conditional*1

295.5

2.15

137.94

<.0001

*2

292.4

2.81

103.89

<.0001

Conditional*1

1.1

0.06

19.86

<.0001

Conditional*2

1.1

0.06

19.65

<.0001

*1

-6.7

3.59

-1.87

.072

Conditional*2

-6.3

3.49

-1.81

.081

*2

5.4

3.34

1.62

.119

Conditional
Prior Mathematics Achievement, γ00
Time, γ00
ILS, γ10

Conditional
Conditional

(table continues)
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Random Effects
Variance

se

z-statistic

Prob(z)

Components
Intercept, Teacher
Intercept, Class

*1

Conditional

52.7

25.21

2.09

.037

Conditional*2

46.6

24.72

1.89

059

*1

0.80

.424

Conditional

14.3

17.93

*2

15.8

18.40

0.86

.391

Conditional*1

1101.7

46.01

23.95

<.0001

Conditional*2

1101.2

45.97

23.95

<.0001

Conditional
Residual, σ2

Note: Data represented 30 teacher, 76 classes, and 1223 students.
*1 Conditional with Level-1 and Level-2 Covariates
*2 Covariates and ILS

As seen in Table 22, the variance component representing the variability among teachers
equaled 46.6 when the variable ILS was included. About 11% [(52.7 - 46.6) / 52.7] of
the remaining variance at the teacher level was captured when ILS was added to the
model. The variance components at level-1 and level-2 did not change much.
Conditional Model Including the Level-2 Predictor, Mathematics Preparation.
Three categories of teachers were defined in this study: (a) MATH/METHOD: teachers
with completed mathematics courses and a methods of teaching mathematics course, (b)
MATH: teachers with completed mathematics courses only, and (c) teachers without
sufficient mathematics or methods of teaching mathematics courses to teach MJ-3 or
methods of teaching mathematics.
Table 23 presents the fixed and random estimates for the 3-level model that
include the level-1 and level-2 covariates with the teacher-level variable, mathematics
preparation. The relationship between the level-3 variable, MATH/METHOD,
describing teachers with mathematics and methods of teaching mathematics was given by
the coefficient, 6.9; classes taught by teachers with the highest amounts of training
tended to have higher class mean by almost 7 points on mathematics achievement. With
a standard error of 3.91 contributing to a t-statistic of 1.76 (p-value = .091), no
statistically significant relationship existed between teachers with the highest
mathematics preparation and teachers without mathematics and methods of teaching
courses on mathematics achievement scores of its students.
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The relationship between MATH and mathematics achievement is given by the
coefficient that equaled -0.7; classes taught by teachers with completed mathematics
courses had lower class means by almost 1 point on mathematics achievement when
compared to teacher without the mathematics preparation. With a standard error of 5.00
contributing to a t-statistic of -0.13 (p-value = .896), no statistically significant
relationship existed between teachers with mathematics training only and teachers
without the sufficient preparation on grade 8 mathematics achievement scores of its
students.
Table 23
Fixed and Random Effects for the 3-Level Conditional Model with Level-1 and Level-2
Covariates and Professional Preparation
Fixed Effects
Coefficient

se

t-statistic

Prob(t)

Conditional*1

295.5

2.15

137.44

<.0001

Conditional

*2

292.0

3.28

88.97

<.0001

Conditional

*1

1.1

0.06

19.86

<.0001

Conditional*2

1.1

0.06

19.58

<.0001

Conditional

*1

-6.7

3.59

-1.87

.072

Conditional

*2

-7.0

3.50

-2.01

.055

Mathematics, γ10

Conditional

*2

-0.7

5.00

-0.13

.896

Method, γ10

Conditional*2

6.9

3.91

1.76

.091

Intercept, γ00
Prior Mathematics Achievement, γ00
Time, γ00

Random Effects

Intercept, Teacher

Variance
Components

se

z-statistic

Prob(z)

Conditional*1

52.7

25.21

2.09

.037

*2

46.5

23.89

1.95

.052

Conditional*1

14.3

17.93

0.80

.424

Conditional

*2

13.8

17.68

0.78

.435

Conditional

*1

1101.7

46.01

23.95

<.0001

Conditional*2

1101.5

45.99

23.95

<.0001

Conditional
Intercept, Class
Residual, σ

2

Note: Data represented 30 teacher, 76 classes, and 1223 students.
*1 Conditional with Level-1 and Level-2 Covariates
*2 Covariates with Mathematics and Method (Professional Preparation)
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As seen in Table 23, the variance component describing the variability between
classes and the variance describing the variability within classes changed very little from
the corresponding parameter in the unconditional model. There is some evidence that
including the predictors in a model shaped the variance component describing the
variability among teachers. About 12% [(52.7 - 46.5) / 52.7 = .117] of the remaining
variance between teachers was captured by including the teacher mathematics
preparation variables, MATH and MATH/METHOD.
Conditional Model Adding All Predictors. A model that included all the variables
was tested. The effects of the variables, Prior mathematics achievement, Instructional
time, ILS, MATH and MATH/METHOD were included in the model.
As seen in Table 24, the relationship between the level-3 variable MATH
(teachers with mathematics training) while controlling for ILS on grade 8 mathematics
achievement was given by the coefficient that equaled -2.8; classes taught by teachers
with mathematics training tended to have lower class means by almost 3 points on grade
8 class mathematics achievement compared to teachers without the mathematics training.
With a standard error of 5.17 contributing to a t-statistics of -0.55 (p=.587), no
significant relationship existed between teachers with only mathematics preparation
compared to teachers without the mathematics training and grade 8 mathematics
achievement scores of their students. The estimate for the effect of MATH/METHOD
(teachers with mathematics and methods of teaching mathematics preparation) while
controlling for ILS, was 5.0; classes taught by teachers with mathematics and methods of
teaching mathematics tended to have higher class means by 5 points on grade 8
mathematics achievement compared to teachers without the mathematics preparation.
With a standard error of 4.09 contributing to a t-statistic of 1.21 (p=.238), no statistically
significant relationship existed between teachers with mathematics and methods of
teaching mathematics preparation and the mathematics achievement scores of their
students. The estimate for the effect of ILS while controlling for teachers’ mathematics
preparation was 4.7; classes using the ILS tended to have higher class means by almost 5
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points on class mathematics achievement than classes not using the ILS on grade 8
mathematics achievement scores of the students.
Table 24
Fixed and Random Effects for the 3-Level Conditional Model with Level-1 and Level-2
Covariates and All Predictors

Intercept
Prior Mathematics
Achievement
Time
MATH
MATH/METHOD
ILS

Conditional
Conditional*2
Conditional*1

Coefficient
295.5
290.7
1.1

Conditional*2
Conditional*1
Conditional*2
Conditional*2
Conditional*2
Conditional*2

1.1
-7.0
-6.4
-0.7
5.0
4.7

*1

Fixed Effects
se
t-statistic
2.15
137.44
3.37
86.31
0.06
19.86
0.06
3.59
3.47
5.17
4.09
3.52

18.57
-1.87
-1.85
-.055
1.21
1.32

Random Effects
Variance Components
se
z-statistic
Intercept, Teacher
Conditional*1
52.7
25.21
2.09
*2
Conditional
43.0
23.99
1.79
Intercept, Class
Conditional*1
14.3
17.93
0.80
Conditional*2
15.1
18.10
0.83
Residual, σ2
Conditional*1
1101.7
46.01
23.95
Conditional*2
1101.5
45.96
23.96
Note: Data represented 30 teacher, 76 classes, and 1223 students.
*1 Conditional with Level-1 and Level-2 Covariates
*2 Covariates with MATH and Method (Professional Preparation)

Prob(t)
<.0001
<.0001
<.0001
<.0001
.072
.076
.587
.238
.198

Prob(z)
.037
.073
.424
.406
<.0001
<.0001

As can be seen in Table 24, the variance component describing the variability
between classes and the variability component describing the variability within classes
changed very little from the parameters in the unconditional model. At the teacher level,
the variance components indicated that more explained variance was detected. About
18% [(52.7 - 43.0) /52.7 = .18] of the variance between teachers was captured by
including all the predictors.
Conditional Model Including All Covariates, Predictors, and Interactions. A
model that included all the variables was examined in the three level model. The effects,
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grade 7 mathematics achievement, instructional time, ILS, MATH, MATH/METHOD
were included in the model. Two interaction effects were also included in the model: the
interaction between MATH and ILS and the interaction of MATH/METHOD and ILS.
Table 25 presents the fixed and random estimates for the 3-level model that
included the level-1 and level-2 covariates and all the predictors. The fixed effect
describing the grade 8 FCAT Math mean dropped from 295.5 in the model with only the
covariates to 289.4 in the model with all the variables. The fixed effects for ILS,
instructional time, MATH, MATH/METHOD, MATH X ILS, and MATH/METHOD X
ILS were 9.3, -6.1, 0.2, 6.8, -7.4, and -5.6, respectively. None of the predictor variable
estimates nor the interactions were found to be statistically significant.
Table 25
Fixed and Random Effects for the 3-Level Model With All Variables and Interactions
Fixed Effects
Conditional - Fully-fitted

Conditional-With

Intercept
Prior achievement
Time
ILS
Mathematics
Method
Mathematics X ILS
Method X ILS

Intercept (teacher)
Intercept (class)
Residual, rij

Covariates
Coefficient
Prob(t)
295.5
<.0001
1.1
<.0001
-7.0
0.072

Variance
Components
52.7
14.3
1101.7

Prob(z)
.037
.424
<.0001

Coefficient
s.e.
289.4
3.90
1.1
0.06
-6.1
3.62
9.3
7.54
0.2
7.84
6.8
5.34
-7.4
11.29
-5.6
8.87
Random Effects
Variance
Components
48.7
14.7
1101.1

df
22
1192
24
22
22
22
24
22

t-value
74.14
19.54
-1.68
1.24
0.03
1.26
-0.66
-0.63

Prob(t)
<.0001
<.0001
.107
.230
.981
.219
.517
.532

s.e.

z-value

Prob(z)

26.22
17.95
45.96

1.86
0.82
23.96

.063
.412
<.0001

As seen in Table 25, the variance component for the variance within the class and
between classes barely differed between the conditional model with the covariates and
the fully fitted model. At the teacher level, about 7% [(52.7 - 48.7)/52.7 = .074] of the
variation between teachers was captured by including all the covariates, predictors, and
interaction.
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Summary
Eight different models were examined using the data collected in this study: 1) an
unconditional model, 2) a model with the level-1 covariate (7th grade mathematics
achievement), 3) a model with random slopes (7th grade - 8th grade relationship), 4) a
model with level-1 and level-2 covariates (instructional time), 5) a model with level-1
and level-2 covariates and ILS, 6) a model with level-1 and level-2 covariates MATH,
and MATH/METHOD, 7) a model with all the predictors and 8) a model with all the
predictors and their interactions. The relationships among the variables were also
examined using a two-level model and a three-level model. The advantage of using a
two-level model is that it is easier to explain the impact of the effects within the context
of two levels. However, a two-level model may be restricting the amount of variance that
can be captured between and within levels. The advantage of using a three-level model is
to maximize the variance between and within levels captured in the model; however, the
results must be reported in the context of the number of levels increasing the difficulty in
the interpretation.
In this study, exploring the relationships among the variables in a two- or threelevel model was contingent upon interpreting the structure of the nested data. Three
levels of data were collected: student, classroom, and teacher. Either a two-level or three
level model can be used to describe the 3 levels of collected data. One way to interpret
the data structure was to include the teacher characteristics with the classroom.
Consequently, the interpretation of the results in this model focused on the extent the
study variables impact students’ grade 8 mathematics achievement. In this study, the
classroom factors (i.e., instructional time, instructional model, teachers’ preparation) are
expected to influence student achievement. If the three level model is used, the teacher
characteristics are separated from the classroom. The interpretation of the study’s results
focused on the differences among teachers and the differences among their classes.
Consequently, student achievement is influenced by teachers’ level of mathematics
preparation and by the characteristics of the classroom they teach (i.e., ILS vs. non-ILS,
time).
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Overall, the results from the two-level and three-level analyses suggested that
with the addition of a third level to the model, the fixed or random estimates did not
change substantially. The contributions of the predictors on student Grade 8 mathematics
achievement were not statistically significant in either the two-level model or the threelevel model. The errors of the estimates were higher in the 3-level model when
compared to the errors of the estimates in the 2-level model. However, the larger errors
in the three level model are not usual because of the more complicated variance and
covariance structures created with the greater number of levels and the smaller number of
units for the given level.
The importance of this study was based on its ability to provide guidance to
school districts. Because the results from the analyses were not different, the two-level
model was used to interpret the results for school district personnel. The two-level model
was interpreted as an environment with various factors (i.e., instructional time, ILS vs.
non-ILS, teacher characteristics) that influence student achievement. Some of these
factors are within the school administrators’ control, and as such, the results from the
two-level analysis should provide useful information that contributes to an environment
that positively impacts student achievement.
Other findings resulting from this study were intended for the research
community. The issues and concerns resulting from the HLM analysis are relevant for
either the two- or three-level model. Subsequently, the results from the two-level model
are used to interpret the results and the issues resulting from the HLM analysis are
addressed in Chapter 5.
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Chapter Five
Discussion
This chapter summarizes the major findings of the study and discusses their
connections with the literature on teacher preparation and the use of integrated learning
systems to teach middle school mathematics. Implications and recommendations from
the results are provided along with a discussion of the methods used to obtain the results.
Limitations of the study are included and recommendations for further research are made
at the end of the section.
Study Overview
The literature on teacher effectiveness has indicated that teachers’ mathematics
training4 is a key variable in the teaching-learning process (NCTM, 1998; NCES, 1999).
NCTM (1986) suggests that teachers of mathematics with adequate mathematics
preparation are expected to know mathematics, model good teaching of mathematics, and
know how students learn mathematics. These conditions are viewed as crucial to student
learning in mathematics. Current trends in technology also suggest that student
achievement is positively impacted by the use of integrated learning systems. The ILS
environment facilitates increased time on task and effective assessment. As such,
students’ learning of mathematics was expected to be positively shaped while using the
ILS, especially with teachers without the specified mathematics preparation.
Currently, at least a third of public school teachers, nationwide do not have the
degree or license to teach mathematics in middle and high schools; in urban areas with
4

Teachers’ mathematics training/preparation was defined in this study as having completed 18 or
more semester hours in mathematics, enough to earn middle school certification in mathematics,
and completion of a methods of teaching mathematics course.
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at-risk populations (i.g., low ses), the percentage of teachers without certification in
mathematics increases to 50%.5 The growing trend of teachers without the appropriate
preparation and certification entering the classroom as teachers of mathematics provided
the impetus for this study. While current research suggests that teachers with increasing
levels of mathematics preparation positively influence students’ mathematics
achievement, the effect of the ILS on mathematics achievement when used by teachers of
varying levels of mathematics preparation was unknown (Brown & Smith, 1997). It was
anticipated that a positive relationship would exist between the ILS and student
mathematics achievement and that this relationship would be stronger for teachers with
less mathematics preparation.
The present study was designed to explore the effects of an ILS with teachers
with varying levels of mathematics preparation on eighth grade student mathematics
achievement. Three major objectives were addressed: 1) the relationship of teachers’
mathematics preparation to grade 8 student mathematics achievement; 2) the relationship
of an ILS to grade 8 student mathematics achievement; and 3) the interaction of the ILS
and teachers’ mathematics preparation on students’ mathematics achievement.
These objectives were addressed using secondary data from 11 Title I middle
schools in a large Florida school district. Participating in the study were 1,223 students
in 76 classes taught by 30 teachers. The dependent variable was grade 8 mathematics
achievement that was measured by the FCAT Math SSS (the mathematics portion of the
FCAT, a criterion-referenced test). To strengthen internal validity, control variables of
students’ prior achievement captured by the grade 7 norm-referenced test scores on the
FCAT and the amount of time used for mathematics instruction at the middle school were
included in the analysis.

5

Typically, having a degree suggests that an individual has completed a minimum number of
mathematics courses needed to meet the requirements for the degree. Among other requirements
needed for the certification process, it is expected that certification in mathematics includes
completed courses in mathematics and at least a course in methods of teaching mathematics.
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The existing data, derived from a non-experimental design, were analyzed using
hierarchical linear modeling. Data for this study were complex and measured at several
levels: student level, classroom level, and teacher level. At the student level,
mathematics achievement data were collected for each student for two years. The grade
7 FCAT NRT (norm-referenced test) was used to measure students’ prior mathematics
achievement and the FCAT Math SSS (criterion-referenced test) was used to measure
grade 8 mathematics achievement. Classroom data included amount of time for
instruction and instructional method (ILS vs. non-ILS). Instructional time was classified
into two categories: less than or equal to 50 minute classes and 90 minute classes.
Teacher level data included three categories of mathematics preparation: 1) teachers with
mathematics and methods of teaching mathematics; 2) teachers with mathematics courses
only; and 3) teachers without the mathematics courses needed to teach MJ-3 (grade 8 prealgebra) and without the methods course. The outcome variable used in this study was a
score the 8th grade FCAT Math SSS, a criterion-referenced test. Because of the central
role of this outcome variable in this study, measurement concerns with the FCAT,
introduced in Chapter Three (Method), are revisited, followed by a discussion of the
study’s results for each research question.
FCAT- Issues in Measurement
The FCAT item specifications were developed by the Florida Department of
Education with the contributions and advice of Florida subject area educators. The FCAT
Content Advisory Committee determined which benchmarks in the Sunshine State
Standards (SSS) would be assessed on the FCAT and which of the item types would be
appropriate. A contractor was hired to prepare a first draft of the item specifications
recommended by the Content Advisory Committee. The first draft was reviewed by the
Advisory Committee and further revisions were made based on their recommendations.
Items and performance tasks were developed by the contractor and reviewed by the statewide committees of Florida educators. Committee comments were used to clarify and
refine the initial draft of the specifications. The specifications included overall
considerations that included directions on general specifications pertaining to item
writing, the context in which the test item was presented, the cognitive level of the
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student, use of graphics, item style and format (i.e., multiple choice, gridded response,
short/long response). Detailed information about the specifications for grades 6 to 8 can
be found in the Mathematics Task Item and Performance Task Specifications guide.
Although, ideally for the present study it would have been desirable to have a
variety of measures to assess the effect of teachers’ mathematics preparation and the
effect of the ILS on 8th grade students’ mathematics achievement, the nature of this
secondary analysis precluded having these measures. Having said this, it should be
pointed out that the FCAT captures the mathematics skills endorsed by the NCTM. The
goals include: 1) number sense, concepts, and operations; 2) measurement; 3) geometry
and spatial sense; 4) Algebraic thinking; and 5) data analysis and probability.
Research Question 1 - Teachers’ Mathematics Preparation
In this study, teachers were not randomly selected or randomly assigned to
classes; they volunteered to use the ILS or were asked by the principal to use the ILS for
instruction. The number of classes varied among the teachers, each of whom had a
number of classes ranging from 1 to 4. Each teacher used the same instructional method
for all the MJ-3 classes the teacher taught.
The first research question focused on the relationship between teachers’
mathematics preparation and students’ mathematics achievement (measured by the FCAT
Math SSS, a standardized, state-wide test). Much of the research examining teacher
quality suggests that subject area preparation is positively related to student achievement;
however, the variable defining teachers’ mathematics preparation has been measured in a
number of different ways. For example, Hawkins (1998) used an undergraduate or
graduate major in mathematics to explain the variance of 8th grade NAEP scores. The
results of the Hawkins study indicated that students taught by teachers with an
undergraduate or graduate major in mathematics scored higher than students taught by
teachers with majors in education or some other field. Fetler (1999) defined teacher
subject preparation by the highest degree completed by the teacher and possession of a
mathematics authorization for teaching; it was not evident whether the awarded degree
was completed in mathematics or some other field. However, the results of the study
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suggested that teacher preparation was significantly related to student achievement while
controlling for student poverty.
The teacher preparation variable used in this study was defined by number of
completed mathematics courses and completion of a methods of teaching mathematics
course which was aligned with the courses and qualifications legislated by Florida to
teach MJ-3. Teachers must have completed at least 18 semester hours in mathematics;
this was also consistent with the requirements for middle school certification in
mathematics. All the participating teachers had at least an undergraduate degree, but not
necessarily one in mathematics. In this study, the type of degree was irrelevant in
defining teachers’ preparation. The criteria for defining teachers’ preparation in this
study were the completion of a minimum number of courses in mathematics and the
completion of one course in methods of teaching mathematics. A review of teachers’
transcripts was used to determine the number and type of mathematics courses completed
by the teacher as well as the completion of a methods of teaching mathematics course. It
was anticipated that teachers with mathematics and the methods of teaching mathematics
would have higher class means than other groups of teachers with less mathematics
preparation.
Participating in the study were 30 teachers in 76 classes. Forty classes were
taught by 16 teachers with mathematics and methods of teaching mathematics, 13 classes
were taught by 6 teachers with mathematics preparation only, and 23 classes were taught
by 8 teachers with no mathematics and no methods of teaching mathematics preparation.
In this study, teachers with mathematics and methods of teaching mathematics
(teachers with the highest mathematics preparation) tended to have higher class means
when compared to teachers without the mathematics preparation. This result was not
unexpected and is consistent with the existing body of literature on teacher quality;
students benefit from teachers with evidence of mathematics and methods of teaching
mathematics preparation.
When controlling for prior student achievement and instructional time, teachers’
mathematics training was found to have a statistically significant effect on student
achievement. However, when also controlling for the use of an ILS, the magnitude of the
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effect of teachers’ preparation was reduced. Differences among the varying groups of
teachers were no longer statistically significant at the .05 level.
When controlling for prior student achievement in mathematics and instructional
time, teachers with mathematics training only (no methods) did not have a class mean
statistically different from teachers without mathematics preparation. Similar results
were found when controlling for ILS. This information added support to the results from
this study that suggested that teachers with mathematics and methods of teaching
mathematics training are better prepared for instruction than other teachers with less
training. Methods of teaching mathematics appeared to compliment the teachers’
mathematics background.
The lack of difference between the group of teachers with mathematics subject
matter (but no methods) training and the group of teachers with no mathematics may be
attributed to the basic level of material that is characteristic of the MJ-3 course. MJ-3 is
one of two classes in mathematics available for grade 8 in Florida’s middle schools. Its
curriculum is defined by the concepts and processes typically identified in a pre-algebra
course. Even the minimum number of college level courses in mathematics taken by
individuals who graduate from college may provide a middle school teacher with
sufficient knowledge of mathematics to teach the MJ-3 curriculum. If the class used in
the study was Algebra I, which consists of more advanced concepts, perhaps the
differences between the two groups of teachers (mathematics training vs. no mathematics
training) would have become more pronounced.
One limitation of how teachers’ preparation in mathematics was measured was
the use of categorical data to measure the training. The placement of teachers in the no
mathematics and methods of teaching category was based on the number of courses the
state indicated as a minimum number to teach the course. It is possible that teachers in
this group had all but one mathematics class required by the state; however, the
dichotomously scored variable would have categorized teachers as not having the
requirement completed. Teachers’ mathematics preparation could have been captured
with interval data using the number of semester hours completed in mathematics.
However, such data are not readily available. To collect these data would necessitate
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surveying teachers, an option that was not available in this secondary analysis.
Therefore, the teacher preparation variable in this study was aligned with the state’s
requirements needed for teaching MJ-3 classes.
Although the group means among teachers were not found to be statistically
significant, teachers with the highest level of mathematics training while controlling for
ILS had class means about 4 to 8 points higher than other groups of teachers with varying
levels of mathematics training. The implication of the trend of higher achievement for
teachers with the highest levels of mathematics training needs to be evaluated by
individual schools. Schools’ efforts are directed toward helping students achieve their
potential. A measure, determined by the Florida Department of Education, that schools
use to gauge their efforts is a scale score in the interval whose minimum is 310 (Level 3).
Student performance at Level 3 indicates that the student has partial success with the
challenging content of the SSS but the performance is consistent. A level 3 student
answers many of the questions correctly but is generally less successful with questions
that are most challenging (FDOE, 2002).
Research Question 2 - Instructional Method (ILS vs. non-ILS)
The second research question focused on the relationship between the
instructional method (ILS vs. non-ILS) and 8th grade students’ mathematics achievement.
The effectiveness of the ILS can be defined in a number of ways. Time in ILS was
considered by West and Marcotte (1994) as a measure of its effectiveness. They found
that for 9th graders enrolled in Algebra I, students using an ILS for longer periods of time
had statistically higher achievement than students who used the ILS for shorter periods of
time. Another study by Taylor (1999) also considered the effect of time on ILS. Results
from this study suggested that longer periods of time on the ILS were associated with
significantly higher achievement on a year-end mathematics exam when compared to use
of ILS for shorter periods of time. Because the ILS is an expensive purchase for schools,
Brush (1996) conducted a study that considered the use of cooperative learning activities
combined with the ILS-delivered instruction. Results from the Brush study indicated that
using cooperative learning strategies combined with the ILS was shown to positively
influence student achievement in mathematics.
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These examples of research highlight the different ways to measure the effect of
the ILS. Inferences can be further complicated when different products are used for
study. The fundamental features of the ILS used in a study must be described in order to
validate the definition of the ILS 6. Branching is the most important feature
distinguishing an ILS. Its ability for decision-making based on input from the student
differentiates it from other types of computer-assisted instruction. As such, it is essential
that the name of the product be included with the study to ascertain its credibility as an
ILS.
In this study, the ILS was conceptualized as an instructional strategy and students
were coded as either participating in the ILS or not participating in the ILS. Because this
study used existing data, information on all that went on in the ILS and non-ILS
conditions was limited. In this study, 39 classes used the ILS and 37 did not. While
controlling for instructional time and students’ prior achievement, the relationship
between using an ILS for instruction and 8th grade mathematics achievement was found
to be statistically significant. Classes that used an ILS for instruction tended to have
class means about 6 points higher compared to classes not using the ILS.
However, when also controlling for teachers’ mathematics preparation, the
magnitude of the effect of ILS was reduced. Differences among the instructional method
(ILS vs. non-ILS) were no longer statistically significant; however, classes that used the
ILS tended to have class means about 5 points higher compared to classes that did not.
The implication of the trend of higher achievement for the ILS classes needs to be
evaluated by individual schools. Schools’ efforts are directed toward helping students
achieve their potential. A measure, determined by the Florida Department of Education,
that schools use to gauge their efforts is a scale score of 300 or higher on the FCAT Math
SSS. Regardless of the teachers’ mathematics preparation, more classes using the ILS
(39%) met that goal compared to non-ILS classes (22%).

6

An ILS is a network of computers linked to a server where presented lessons must include
branching, frequent feedback, and diagnostic information. The computer has a management
system that controls and keeps track of student progress.
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This was the first time students and teachers participating in the study used the
ILS. The novelty of the ILS may have influenced their attentiveness to the instructional
format, assuming that the hardware was working. Teachers’ and students’ frustration
with hardware downtime or software errors would have shaped the results. Without
observational or survey data, information about the first year of implementation was not
available.
The teachers chose to use the ILS for instruction or were encouraged by their
principals to use the ILS. Their interest in the technology may have influenced the effect
of the ILS on grade 8 student achievement (Borg & Gall, 1989)7. Very often, teachers
who have taught the same class to the same level of student need change. The ILS may
have provided some teachers with the needed change to refresh their instructional
delivery and attitude toward teaching. The introduction of the ILS may have reduced the
percentage of teachers who found teaching MJ-3 otherwise boring. Longitudinal
research on teachers using the ILS over many years would help evaluate the novelty
effects of the ILS.
The ILS is defined as an individualized learning environment. Students begin
lessons wherever they have left off the previous time. Students are also able to complete
more lessons based on their proficiency and allotted instructional time. Students using
the ILS may have explored more of the curriculum and mastered some of that content
prior to the time of taking the FCAT. Further research should focus on the individualized
instruction provided to students. A record of the number of completed lessons would
indicate the extent of the curriculum covered by students in the ILS and non-ILS classes.
Higher student achievement on the FCAT may be a result of ILS students completing
more lessons prior to test administration.
Research Question 3 - Interaction of ILS and Teachers’ Mathematics Preparation
The third question centered on the interaction between teachers’ preparation in
mathematics and the instructional method. It was hypothesized that the effect of the ILS

7

Hawthorne Effect was defined in Borg and Gall (1989) as a distortion of research results caused
by the response of subjects to the special attention they receive from researchers.

94

on mathematics achievement would be larger for teachers with no mathematics and no
methods of teaching mathematics compared to teachers with the highest mathematics
preparation. The results of this study did not support this hypothesis in that no
statistically significant interaction between teachers’ mathematics training and the use of
the ILS was found.
The need for this study was motivated by teachers without mathematics
preparation entering the classroom as teachers of mathematics. Although it was
anticipated that teachers without sufficient mathematics preparation would benefit the
most from using the ILS, the results indicated that all groups of teachers, using the ILS,
regardless of their preparation in mathematics had higher class means; no one group of
teachers exhibited stronger effects when using the ILS. Teachers with varying levels of
mathematics preparation who used the ILS tended to have class means about 8 points
higher than similar teachers in non-ILS classes.
Instructional Time
While instructional time was not a focus of study, the consistency of its effect
across the examined models needs to be addressed. Classes using 50 minutes or less for
instruction tended to have statistically significant higher class means compared to classes
using 90 minutes for instruction. Using the ILS or having teachers with the highest
preparation in mathematics did not diminish the relationship between instructional time
and student achievement.
The instructional time for classes within any participating school was determined
by school administrators. Often the need for longer periods of instructional time arose
from a perception that students are low-achieving and require more time on task. Fiftytwo classes in the study used 50 minutes or less for instruction and their means for prior
achievement (grade 7) ranged between 27.8 and 51.8 with a mean of 41.3 (SD = 5.1).
Twenty-four classes in the study used 90 minutes for instruction and their means for prior
achievement (grade 7) ranged between 26.6 and 50.3 with a mean of 35.2 (SD = 5.5). A
t-test was conducted to compare prior achievement (grade 7 mathematics) using 50
minutes or less for class with classes using 90 minutes for instruction. Classes using 50
minutes or less had means significantly higher than classes using 90 minutes. The groups
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of students categorized by instructional time were found to be different at the beginning
of the analysis. While controlling for grade 7 prior achievement in mathematics, the
results of this study indicated that the effect of time was statistically significant on grade
8 student achievement in mathematics. However, there may be other variables that
influence student achievement not accounted for in this study (e.g., gender, locus of
control); controlling doesn’t equate students on all variables and characteristics that
facilitate or inhibit instruction. Because this study was non-experimental and the finding
of the instructional time incidental, future research should examine the impact of
instructional time under more controlled conditions.
Recommendations and Further Research
Teachers’ Mathematics Preparation. The intent of this study was to investigate
the relationship between an integrated learning system that delivered a pre-algebra
curriculum to 8th grade students in classes taught by teachers with various levels of
mathematics preparation and student mathematics achievement. While controlling for
student prior achievement and instructional time, the results of this study found that
teachers with mathematics and methods of teaching mathematics tended to have
significantly higher class means compared to teachers without the mathematics and
methods of teaching mathematics preparation. However, while controlling for
instructional method (ILS), the study’s results indicated that differences among groups of
teachers with varying levels of mathematics training were reduced. While the results
were not statistically significant, the teachers with the highest preparation in mathematics
teaching tended to have the highest class means of any group of teachers, regardless of
the instructional method; about half of the teachers with the highest preparation in
mathematics teaching had FCAT class means of 300 or more scale score points. Schools
looking to purchase an ILS or schools that have an ILS may find the study’s results
useful. The results support placing teachers with varying levels of mathematics
preparation in the ILS; there is no evidence to suggest that one group of teachers would
benefit more than another from using the instructional method.
Future research focusing on pedagogical and subject matter training and its
relationship to student achievement should be continued. Research also should examine
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the consequences of other variables (i.e., teacher reflection, collegial interaction, staff
development) in relation to how teachers learn to teach mathematics. The extent to
which other variables contribute to teachers’ preparation and consequently, influence
student achievement, is not known.
ILS. While controlling for student prior achievement and instructional time, the
results of this study found that classes using the ILS tended to have significantly higher
class means compared to classes not using the ILS. Based on this result, schools may
find the use of an ILS potentially beneficial for pre-algebra middle school students. The
effect of the ILS was reduced some while controlling for teachers’ professional
preparation (p = .065). Further analysis that includes a larger sample size and balanced
groups may provide more substantial evidence of the impact of the effect.
The research questions in this study were examined using an analysis of existing
data. The use of existing data presented challenges that limited the manner in which
variables were conceptualized. Data collected from observations and surveys would have
added to explaining the effects of teacher preparation in mathematics and the use of the
ILS on student achievement. For example, the management system within the ILS
records students’ time on the ILS and keeps a record of the completed lessons. Exploring
the relationships between these data and student achievement would add to explaining the
positive relationship between the ILS and student achievement.
`The results from this study suggested a positive relationship between the ILS and
student achievement in MJ-3, an 8th grade pre-algebra class, in Title I middle schools
only. Further research is needed to study the relation between the ILS and student
achievement at other schools with broader ranges of socio-economic levels and in
different mathematics classes (e.g., Algebra I). Current research suggest that teachers in
non-urban areas tend to be more qualified compared to teachers in urban areas especially
in mathematics classrooms; teachers are expected to have a degree in mathematics and
appropriate certification in mathematics (Jerald, 2002; McDermott, Rothenberg, &
Gromley, 1998; Ingersol & Gruber, 1996; NCES, 1995). Inclusion of middle schools
from more affluent neighborhoods in the district may mitigate the effect of the ILS.
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Because this study involved a secondary analysis of existing data, ILS was
measured dichotomously by student enrollment in the class. As such, some aspects of the
ILS were not considered as variables but may be crucial in explaining more about the
effect of the ILS on student achievement (e.g., teachers’ interest, student use of
notebooks). Other components of the system that support students’ learning need to be
examined. Design features of the ILS, such as the assessment component and its
relationship to student achievement, should be explored. The higher student achievement
in mathematics found for the ILS may have resulted from the immediate reports provided
to the student at the end of an assessment. While using the ILS, students were made
aware of their performance quickly which may have affected their persistence and
continued use of the ILS. The relationship between assessment reports and student
learning could be explored through survey data collected from students.
Technology issues may affect student achievement indirectly; equipment that is
under repair often is not available for student use. An exploration of the relationship
between down-time and student achievement may be informative. Also, teachers’ and
students’ input regarding the use of the ILS would provide candid information about the
use of the technology. Issues such as down-time, crashes, updates, and Internet access
would empower school districts by providing real cost estimates of implementing the
ILS. The extent to which technology issues influenced student achievement could have
been addressed using survey data and data collected from the computer management
system.
Other issues not addressed in this study that would be important to uncover relate
to the kind of student that is most influenced by the ILS environment. Demographic
information such as gender, race, age, and proficiency in English need to be explored in
future research. This information may be useful for school districts to know before
implementing the ILS program.
Method. The implementation of randomized field experiments in K-12
educational settings is difficult. To conduct a randomized field study there needs to be
random assignment of students to classes, random assignment of classes to ILS or nonILS instructional formats, and random assignment of teachers to the classes. Because this
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was not possible in this study, an appropriate method for evaluating the study’s studentlevel and classroom level effects was a multilevel model. Because of the nested structure
of the study’s data, HLM was used for analyzing the data. This technique allows the
simultaneous analysis of data from several levels and provides unbiased estimates of
effects when the data are nested. However, a number of gaps existed in the literature
regarding technical issues that address using HLM in educational settings. Future
research regarding the technical issues that were uncovered during this study are
presented next.
One of the findings of this study pertained to the size of the sample. Sample size
is a complex issue that involves the number of levels and the number of variables at each
level. Some researchers (Kreft, 1999; Raudenbush, 2000) have suggested a rule for
determining an appropriate sample size based on the number of groups at the second
level and the number of observations within the group. However, the number of
variables per level was not considered in this rule. A liberal method of exploring the
impact of the number of variables per level in relation to the sample size across all levels
is to use all the intended variables. In a study by Webster, Mendro, Orsak, and
Weerasinghe (1998), a decision to change from a 3-level analysis to a 2-level analysis
was based on a lack of convergence resulting from a large number of variables at all
levels. When the 3-level model did not converge, the number of variables was reduced
and analyzed again until convergence took place. A more conservative method would be
to carefully choose variables that address the research questions. Typically, in linear
regression, variables are chosen based on their relationship to the dependent measure and
the number of variables is limited by the size of the sample. While this is a convenient
rule for linear regression, no such rule exists for HLM. Future research should address
the relationship between the number of variables at each level and the sample size across
all levels.
In educational settings, students are nested in classes, classes are nested within
teachers, teachers are nested within schools, schools are nested within communities, and
so on. A lack of research is evident in supporting decisions in regard to the number of
levels that are needed to represent the data structure. Future research should focus on the
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manner in which the models are created. Questions for further research should examine
if the data structure must exactly represent the nesting of the educational setting or if
there is some flexibility in the modeling process. Studies pertaining to school effects
typically use 2 levels to analyze data: student level data and school level aggregate data.
The nesting levels between the two are eliminated from the analyses. Future research
should address the accuracy of the results of these divergent multi-level models.
Another issue dealing with sample size that was not discussed in the literature is
power for non-randomized studies using HLM. Given the non-randomized
circumstances that control the data structure in educational settings, collecting sufficient
numbers of classes that also have large numbers of student may be difficult. Raudenbush
and Liu (2000) presented a power analysis for two designs that are typically found in
medical research: randomized trials and randomized cluster trials. Based on the findings
from Raudenbush and Liu (2000), power in the present study may have been enhanced by
increasing the number of students within classes and increasing the number of classes
among teachers at a school. Future research should be conducted to determine what
factors involved in the multi-level modeling contribute to power for non-experimental
designs.
Two-level and three-level HLM analyses were examined to study the effects of
ILS and teachers’ mathematics preparation. In the unconditional 2-level model, the
within class variance component was greater than the between class variance component.
The within class variance component was also larger than the other two variance
components in the unconditional 3-level model. However, the between teacher variance
component was larger than the between class variance component. The smaller variance
between class may be attributed to the small number of classes that each teacher taught.
In this study, one teacher taught one class, 15 teachers each had two classes, 11 teachers
each had three classes and 3 teachers each had four classes. Because of the structure of
the 3-level model, the variance between classes was captured within the teacher. As
such, the 3-level model reduced the variability among the classes in contrast to the 2level model that captured the between class variability among 76 classes.
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Implications for Practice
Teaching vacancies occurring in middle school mathematics classrooms
nationwide have caused educators to look for alternative ways to address the problem.
There is some evidence to suggest that teachers trained in subject area knowledge as
indicated by certification or subject area knowledge are more likely to positively impact
student achievement. This study continued to explore this area by examining the impact
of teachers with varying levels of preparation in mathematics on student achievement.
Because the certification process has been typically identified with subject area expertise,
the study’s results have some implications for educators involved with certification
regulations. The ILS is also seen by some administrators as having the potential of
supporting the instructional needs of the student. The ILS used in this study is unique
because it employs a variety of multi-media to deliver the instruction. The instructional
format of this ILS is self-contained and the role of the classroom teacher changes to
facilitator of instruction. Some school administrators may use this information to justify
decisions to fill a mathematics vacancy with individuals with less mathematics training
than what the state certification requirements suggest. Consequently, the study’s results
have implications for three areas pertaining to teaching vacancies: 1) filling teaching
vacancies with teachers with varying levels of mathematics training, 2) alternative
certification, and 3) use of technology to support the instructional needs of students.
Teaching Vacancies in Mathematics. The results from this study suggest that
while controlling for student prior achievement and instructional time, teachers with at
least 18 semester hours of mathematics and a methods of teaching mathematics course
tend to have a statistically significant different class means compared to teachers without
the preparation. When controlling for ILS (instructional method), the effect of
mathematics preparation was reduced. However, teachers with the highest mathematics
preparation tended to have higher class means by about 8 points than other groups of
teachers. While teachers with the highest mathematics training would be the most
suitable choice to fill a teaching vacancy, there is not strong evidence to suggest that
students would be at a critical disadvantage if taught by individuals with less training in
mathematics.
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Alternative Certification Choices. States that regulate certification processes
have created alternative ways to classify classroom teachers with less than the required
subject area courses. Among the terms used by states to signal teachers lacking the
requirements needed for certification are out-of-field and temporary. Teachers with
alternative certifications have opportunities to continue their education and complete the
requirements towards obtaining the professional license. This process is consistent with
norms established by professional organizations that support the attributes of
professionalism in teaching that are based on existing and continuing knowledge.
Currently, the State of Florida permits individuals to take an area certification
exam without having completed the required courses for the area (FLDOE, 2002). These
individuals can be directed towards a professional certificate by passing the subject area
exam for certification. Consequently, the professional license in Florida no longer
insures that an individual has demonstrated successful completion of any subject area
courses for the area of certification. This study suggested that having training in
mathematics and pedagogy is an important component to students’ success in
mathematics. Eliminating those components from the certification process may
negatively affect student achievement. It is not expected that teachers with certification
in mathematics need the kinds of support that teachers with less training do as indicated
by the results from this study. While the intent of this study was to examine the
relationship between teacher preparation and student achievement, changes in the
certification process have complicated the study of the preparation effect and inferences
that related to certification as a variable. While some believe that allowing individuals to
get certified without documentation of subject area competency is a solution to finding
certified teachers to fill teaching vacancies, the problem has become more complicated
for schools administrators. Other than certification, criteria such as transcripts may need
to be included to substantiate the professional competencies of teachers as they apply for
teaching positions.
Use of Technology to Support Instruction. The unique aspect of an ILS is the
branching that takes place when students respond to assessment questions within the
software. It responds in different ways depending on the students’ input giving the
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impression of judgements similar to those made by teachers during instruction when they
respond to students’ questions. While the results from this study suggested a moderately
positive relationship between the use of the ILS and student achievement, it is premature
to suggest that the ILS will be suitable for mathematics classes that cannot be staffed
with trained teachers. In this study, when controlling for student prior achievement and
instructional time, achievement in classes that used the ILS had statistically different
means from non-ILS classes; however, when controlling for professional preparation, the
effect of the ILS was reduced. While teachers with the highest mathematics training
would be the most suitable choice to fill a teaching vacancy, there is no evidence to
suggest that students would be disadvantaged by individuals with less training in
mathematics. Under certain conditions (e.g., using an ILS), differences among groups of
teachers with varying levels of mathematics training were reduced. Because the ILS was
used to support instruction, other types of instructional support (i.e., mentoring newly
hired teachers, modeling lessons, co-teaching models of instruction) could have similar
effects on student achievement similar to those achieved using the ILS.
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Appendix A: NCATE’S Quality Assurance System for the Teaching Profession

ASSURING QUALITY IN THE PRACTICE OF TEACHING:

The Continuum of Teacher Preparation
Phase I - Pre-service Preparation
NCATE / State Quality Assurance

R
E
C
R
U
I
T
M
E
N
T

PRE-SERVICE PROGRAM
1. Liberal Arts Education
2. Subject Matter
Preparation
3. Professional and
Pedagogical Studies
4. Clinical Studies

E
N
T
R
Y

STATE
SUBJECT MATTER
AND TEACHING
KNOWLEDGE
ASSESSMENT

G
R
A
D
U
A
T
I
O
N

INTERN PROGRAM
1. Clinical Practice
2. Mentoring
3. Clinical Studies
4. Professional
Development
School (PDS)

NO

NO

COLLEGE
ASSESSMENTS

YES

COLLEGE
ASSESSMENTS

COLLEGE
ASSESSMENTS
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INTERNSHIP
ASSESSMENTS

ASSURING QUALITY IN THE PRACTICE OF TEACHING:

The Continuum of Teacher Preparation
Phase II - Extended Clinical Preparation and Assessment
State Licensing Authority Quality Assurance

1

PHASE I
Pre-Service
Preparation

YES

STATE
LICENSE
ASSESSMENTS
(Application of
Knowledge and
Skills)

YES

REGULAR
3

LICENSE

NO

119

ASSURING QUALITY IN THE PRACTICE OF TEACHING:

The Continuum of Teacher Preparation
Phase III - Extended Professional Development
State /School District Quality Assurance

Professional
Development

License
Renewal

PHASE I
Pre-Service
Preparation

Continuing
Professional
Development

NBPTS*
Assessment

Advanced
Certification

NBPTS System
NO

*NBPTS - National Board for Professional Teaching Standards
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Appendix B: Florida’s Mathematics Certification Requirements
Specialization Requirements for Certification
Area of Certification

Course Requirements

Middle Grades Integrated
Curriculum (Grades 6-9)1

1. A bachelor’s or higher degree with a degree major in middle grades
education which includes a minimum of twelve hours in each of the
following areas: English, mathematics, science, and social science.
2. A bachelor’s or higher degree with a degree major in a subject other than
middle grades education and 54 semester hours in English, mathematics,
science, and social science. Eighteen semester hours shall be completed in
one of the 4 subject areas. Those 18 hours shall be the same as those
required for middle school certification in that area. At least 12 semester
hours shall be completed in each of the remaining subject areas.
1. A bachelor’s or higher degree with an undergraduate or graduate major in
mathematics or middle grades mathematics.

Middle Grades
Mathematics
(Grades 5-9)2

2. A bachelor’s or higher degree with 18 semester hours in mathematics to
include credit in the areas specified below:
(a) Calculus, pre-calculus, or trigonometry,
(b) Geometry, and
(c) Probability or statistics.
1. A bachelor’s or higher degree with an undergraduate or graduate major in
Mathematics
mathematics or middle grades mathematics.
(Grades 6-12)3
2. A bachelor’s or higher degree with 30 semester hours in mathematics to
include credit in the areas specified below:
(a) Six (6) semester hours in Calculus
(b) Credit in Geometry,
(c) Credit in probability or statistics, and
(d) Credit in abstract or linear algebra.
3. A bachelor’s or higher degree with specialization requirements completed
for physics and 21 semester hours in mathematics to include credit in the
areas specified below:
(a) Six (6) semester hours in Calculus
(b) Credit in Geometry,
(c) Credit in probability or statistics, and
(d) Credit in abstract or linear algebra.
1
[Specific Authority 229.053(1), 231.15(1), 231.17(1) FS. Law Implemented 231.02(1), 231.15(1),
231.17(1), FS. History - New 4-25-96]
2
[Specific Authority 229.053(1), 231.15(1), 231.17(3) FS. Law Implemented 229.053, 231.145, 231.15,
231.17, FS. History - New 9-1-92, Amended 7-17-2000]
3
Specific Authority 229.053(1), 231.15(1), 231.17(3) FS. Law Implemented 231.02, 231.145, 231.15, 231.17,
FS. History - New 7-1-90, Amended 7-17-2000]
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Appendix C: NCTM Strategies for Teaching

NCTM Goals for Professional Teaching Standards
The teacher of mathematics should pose tasks that:
•
engage students’ intellect,
•
develop students’ mathematical understandings and skills,
•
stimulate students to make connections and develop a coherent framework for
mathematical ideas,
•
call for problem formulation, problem solving and mathematical reasoning,
•
promote communication about mathematics,
•
represent mathematics as an ongoing human activity
•
display sensitivity to and draw on students diverse background experiences and
dispositions
•
promote the development of all students’ dispositions to do mathematics
Discourse refers to the ways teachers or students think and express themselves in the
classroom. The teacher’s role in discourse is to:
•
pose questions and tasks that elicit, engage, and challenge each student’s thinking
•
listening carefully to students ideas
•
asking students to clarify and justify their ideas orally and in writing
•
deciding what to pursue in depth from ideas that students bring up in discussion
•
deciding when and how to attach mathematical notation and language to
students’ ideas
•
deciding when to provide information, when to clarify an issue, when to model,
when to lead, and when to let a student struggle with a difficulty
•
monitoring students’ participation in discussions and deciding when and how to
encourage each student to participate
The tools teachers use for enhancing discourse are:
•
computers, calculators, and other technology
•
concrete materials used a s models
•
pictures, diagrams, tables, and graphs
•
invented and conventional terms and symbols
•
metaphors, analogies, and stories
•
written hypotheses, explanations, and arguments
•
oral presentations and dramatizations
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NCTM’S GOALS for Professional Teaching Standards con’t
Environment - classroom culture that influences learning
•
provide and structure the time necessary to explore sound mathematics and
grapple with significant ideas and problems
•
use the physical space and materials in ways that facilitate students’ learning
•
providing a context that encourages the development of mathematical skills and
proficiency
•
respecting and valuing students’ ideas, ways of thinking, and mathematical
dispositions
•
encouraging students to work independently or collaboratively to make sense of
mathematics
•
expecting students to take intellectual risks by raising questions and formulating
conjectures
•
expecting and encouraging students to display a sense of mathematical
competence by validating and supporting ideas with mathematical argument
Analysis refers to reflections on teaching/learning
•
a teacher should be observing, listening to, and gathering other information about
students to assess what they are learning
•
examining effects of the tasks, discourse, and learning environment on students’
mathematical knowledge, skills, and dispositions
•
ensure that every student is learning sound and significant mathematics and
developing a positive disposition toward mathematics
•
challenge and extend students’ ideas
•
adapt or change activities while teaching
•
make plans, both short- and long-range
•
describe and comment on each students’ learning to parents and administrators as
well as to the students themselves
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Appendix D: MJ-3 Syllabus - (Grade 8 Mathematics)
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Appendix E Teacher Survey

INSTRUCTIONAL PRACTICES SURVEY
I Can Learn Classes - Traditional Classes
This folder contains a survey for all MJ-3 teachers at schools with an I Can Learn classroom. Teachers, who taught
MJ-3 during the 2000-2001 school year, are being asked to respond. Survey teachers include those who used an ICL
classroom and teachers who did not.
The purpose of this survey is to describe MJ-3 instruction. The 2000-2001 school year was the first year of
implementation of the I Can Learn classroom. While some teachers in the I Can Learn classroom were
observed, teachers in regular MJ-3 classes were not. The intent of the survey is to provide the reader with a
description of how instruction took place in a typical MJ-3 classroom.
The survey items are intended to reflect the type of instructional practice taking place in an MJ-3 classroom
during the 2000-2001 school year (initial year of implementation). Please, try to remember how you taught the
MJ-3 curriculum during the 2000-2001 school year if you were using the I Can Learn lessons or if you were
teaching in a traditional classroom. The responses you make must reflect the instructional activities that took
place during the 2000-2001 school year.
The District values your experiences and opinions. By participating and returning the completed survey, you are
contributing to decision-making regarding policy and program development. Future students and teachers will
benefit directly from your input. This survey should take about 15 minutes to complete. Be assured that names of
schools or teachers will not be revealed for any other purpose other than describing the instruction of MJ-3 to
middle school students. Your participation is voluntary. Your responses will be tallied with other teachers and
kept anonymous. Your participation is voluntary and in no way will affect your teaching position. Your principal
is aware that the I Can Learn program is being evaluated, but does not know which teachers may be involved in
survey data collection. Once the survey data are formatted into a data set, the surveys will be destroyed. If there
are any questions, please call Christine Kerstyn at (813) 272-4341.
If you wish to participate in this survey, please return the survey in the enclosed envelope to the Department of
Assessment, Accountability, and Evaluation by October 30, 2002. The survey items will be aggregated to reflect
the two groups of MJ-3 teachers categorized by the instructional strategy used in the classroom.
Demographics

Please circle an appropriate answer to each item.
1.

At the end of 2000-2001, how many total years have you taught mathematics at the middle or high
school level?
a) <= 3 years
b) 4 – 6 years
c) 7 –10 years d) 11 + years

2.

Did you use an I Can Learn classroom in 2000-2001 for teaching mathematics?
a) YES
b) NO

3.

How many minutes per period did you have for classroom activities in 2000-2001?
a) 45 minutes
b) 50 minutes
c) 90 minutes
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Survey Items – Instructional Practice
Please think about the 2000-2001 school year when you taught MJ-3.
Given a two week period, (10 full days of instructional time), what percent of time would the following
instructional strategy be used in presenting a lesson to your students?
Circle the percent that closest meets your answer.
1) lecture to a whole group
a) None
b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

2) lecture to a small group
a) None
b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

3) peer teaching (students teaching students)
a) None
b) 1-49%
c) 50%

e) 51- 75%

f) 76 - 100%

4) use of technology (to support instruction)
a) None
b) 1-49%
c) 50%

e) 51- 75%

f) 76 - 100%

5) discovery learning
a) None

b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

6) use of manipulatives
a) None

b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

7) administer pre-test
a) None

b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

8) administer quizzes
a) None

b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

9) administer chapter (unit) tests
a) None
b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

10) administer a cumulative test
a) None
b) 1-49%

c) 50%

e) 51- 75%

f) 76 - 100%

11) give a progress report
a) None

c) 50%

e) 51- 75%

f) 76 - 100%

b) 1-49%

Please continue on the other side.
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Survey Items –Instructional Delivery
Please think about the 2000-2001 school year when you taught MJ-3.
Given the following MJ-3 topics, please indicate the instructional strategy you used to teach the topic for the first time to students. Circle all
the given choices that apply. If you used a different method to teach the lesson, please write your answer in the provided space.

12)
Translate verbal expressions and sentences into algebraic expressions and equations.
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
________________________________________________________________________
13)
Solving and graphing Inequalities.
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
_______________________________________________________________________________________
14)
Use proportions and equations to solve percent problems
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
_______________________________________________________________________________________
15)
Find the perimeter and area of polygons.
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
_______________________________________________________________________________________
16)
Graph two variable relationships.
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
_______________________________________________________________________________________
17)
Evaluate polynomials.
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
_______________________________________________________________________________________
18)
Naming similar or congruent triangles.
Circle all the choices that apply.
a) Lecture
b) Discovery Techniques
c) I Can Learn
d) Cooperative Learning/Peer tutoring
e) Other
___________________________________________________________________________________________________
_______________________________________________________________________________________

Thank you!
Your responses are valued.

Appendix F Survey Results
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Frequencies of Responses for Whole Group
Frequency of Teachers Using a Mathematics Instruction Strategy in a Two-Week Period

Strategy
lecture to whole group
lecture to small group
peer teaching (students teaching students)
Use of technology (to support instruction)
discovery learning
use of manipulatives
administer pre-test
administer quizzes
administer chapter (unit) tests
administer cumulative tests
give a progress report

Percent of Time Used in 2 Week Period
1-49%
50%
51-75%
76-100%

None
2
3
1
1
3
5
4
1
3

11
17
6
6
17
28
22
6
17

12
13
12
7
11
8
9
8
8
7
8

67
72
69
39
61
44
50
44
44
39
44

2

11

3

17

1
1

6
6

2
1
2
2

1
1
2
2
3
3

11
6
11
11

6
6
11
11
17
17

1

6

2

11

1
1

6
6

8

44

5
8
7
6
6

28
44
39
33
33

Missing

1

6

Frequency of Responses For Teachers Choosing a Teaching Strategy for Mathematics Objective
1

Objective

Translate verbal expressions and sentences into
algebraic expressions and equations
*2
Solving and graphing inequalities
Use proportions and equations to solve percent
problems
Find perimeter and area of polygons
Graph two variable relationships
Evaluate polynomials
*2
Naming similar or congruent triangles

n
14

%
39

Strategy*
Discovery
I Can Learn
techniques
n
%
n
%
2
6
12
33

15
14

42
39

3
3

8
8

10
11

28
31

8
8

22
22

12
15
13
14

33
41
38
50

3
3
2
3

8
8
6
11

12
11
12
11

33
30
35
39

9
8
7

25
22
21

Lecture

*1 Duplicated Count
*2 Not included in ILS lessons
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Co-op Learning
/Peer Tutoring
%
n
8
22

Percent of Time Teachers Use a Strategy in a Two-Week period for Mathematics Instruction By Type of Number of Minutes in
Period
Percent of Time Used in 2 Week Period
Strategy
Instructional Time per None
1-49%
50%
51-75%
76-100%
Missing
period (N)
lecture to whole group
< = 50 min (6)
1
4
1
90 min (9)
1
5
2
1
Not identified (3)
3
lecture to small group
< = 50 min (6)
2
3
1
90 min (9)
1
7
1
Not identified (3)
3
peer teaching (students
< = 50 min (6)
5
1
teaching students)
90 min (9)
5
3
1
Not identified (3)
1
2
Use of technology (to
< = 50 min (6)
1
1
1
3
support instruction)
90 min (9)
5
4
Not identified (3)
1
1
1
discovery learning
< = 50 min (6)
1
5
90 min (9)
1
4
1
3
Not identified (3)
1
2
use of manipulatives
< = 50 min (6)
2
3
1
90 min (9)
3
4
1
1
Not identified (3)
1
1
1
administer pre-test
< = 50 min (6)
3
2
1
90 min (9)
1
5
3
Not identified (3)
2
1
administer quizzes
< = 50 min (6)
4
2
90 min (9)
3
2
4
Not identified (3)
1
2
administer chapter (unit)
< = 50 min (6)
1
3
2
tests
90 min (9)
3
1
5
Not identified (3)
2
1
administer cumulative
< = 50 min (6)
2
2
2
tests
90 min (9)
1
4
4
Not identified (3)
1
2
give a progress report
< = 50 min (6)
4
2
90 min (9)
3
1
2
3
Not identified (3)
1
1
1

135

Percent of Time Teachers Use a Strategy in a Two-Week period for Mathematics Instruction By Type of Instructional Method
Percent of Time Used in 2 Week Period
Strategy
Method of
None
1-49%
50%
51-75%
76-100%
Missing
lecture to whole group

lecture to small group

peer teaching (students
teaching students)
Use of technology (to
support instruction)
discovery learning

use of manipulatives

administer pre-test

administer quizzes

administer chapter (unit)
tests
administer cumulative
tests
give a progress report

Instruction (N)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)

2

1
2

1
1
1
1
1
5

8
2
2
8
3
2
8
3
1
3
4
7
3
1
3
4

1
2

1

1
2

1

7

1
3

1

1

1

1

4

1

2
1

3
1
5
2

1
4
1
5
1
2
5
2
1
4
2
2
1
1
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2

2

1
1

6
2

1

1

1
4
4
1
5
3

3
1

1

1
1

3
2
1

Number of Teachers Choosing a Teaching Strategy for Mathematics Objective
By Number of Minutes in Period

Objective

Translate verbal expressions and
sentences into algebraic expressions and
equations
Solving and graphing inequalities*

Use proportions and equations to solve
percent problems
Find perimeter and area of polygons

Graph two variable relationships

Evaluate polynomials

Naming similar or congruent triangles*

Instructional Time per
period (N)
< = 50 min (6)
90 min (9)
Not identified (3)
< = 50 min (6)
90 min (9)
Not identified (3)
< = 50 min (6)
90 min (9)
Not identified (3)
< = 50 min (6)
90 min (9)
Not identified (3)
< = 50 min (6)
90 min (9)
Not identified (3)
< = 50 min (6)
90 min (9)
Not identified (3)
< = 50 min (6)
90 min (9)
Not identified (3)

*Not included in ILS lessons
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Lecture

4
7
3
5
7
3
5
6
3
3
5
3
4
8
3
3
7
3
5
6
3

Strategy
Discovery
I Can Learn
techniques
0
2
1
2
0
3
0
3
1
2
0
2
0
3

5
5
2
3
5
2
4
5
2
5
5
2
5
4
2
5
5
2
4
5
2

Cooperative
Learning/
Peer Tutoring
1
4
3
1
4
3
2
3
3
1
5
3
1
4
3
1
3
3
1
4
3

Number of Teachers Choosing a Teaching Strategy for Mathematics Objective By Type of Instructional Method

Objective

Method of Instruction

Lecture

Translate verbal expressions and
ILS (11)
sentences into algebraic expressions and Not ILS (5)
equations
Not identified (2)
Solving and graphing inequalities*
ILS (11)
Not ILS (5)
Not identified (2)
Use proportions and equations to solve ILS (11)
percent problems
Not ILS (5)
Not identified (2)
Find perimeter and area of polygons
ILS (11)
Not ILS (5)
Not identified (2)
Graph two variable relationships
ILS (11)

7
5
2
8
5
2
7
5
2
6
4
2
8

Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)
ILS (11)
Not ILS (5)
Not identified (2)

5
2
6
5
2
7
5
2

Evaluate polynomials

Naming similar or congruent triangles*

*Not included in ILS lessons
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Strategy
Discovery
I Can Learn
techniques
1
1
0
3
0
3
0
3
0
3
0
2
0
3

11
0
1
9
0
1
10
0
1
11
0
1
10

Cooperative
Learning/
Peer Tutoring
3
3
2
3
3
2
3
3
2
3
4
2
3

0
1
11
0
1
10
0
1

3
2
3
2
2
3
3
2
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